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PREFACE 


The main findings of the investigations on the partial failures of the Punjab, 
American cottons in the Punjab have been embodied in this volume. For detailed 
results on each line of investigation the reader is referred to the scientific papers 
either already published or in course of Publication in the Indian Journal of Agri- 
cultural Science, The bibliography of relevant literature that has a bearing on 
the different aspects of the work is given in the text at the end. 

I take this opportunity of expressing my deep sense of gratitude to Sir. H. R. 
Stewart, Esq., C.I.E., I.A.S., Vice-Chairman, Imperial Council of Agricultural 
Research the then Director of Agriculture, Punjab, for giving all help, facilities and 
support during the period of the investigation. It can be truly said that this piece 
of work which hc^s proved to he of scientific as well as of practical value would not have 
been possible had it not been for him. I have also to express my thanks to the Pre- 
sidents and the members of the Agricultural Research Sub-Committee of the Indian 
Central Cotton Committee for their constructive criticisms and suggestions during 
the progress of the work. 

Thanks are also due to the authorities or owners of various commercial farms 
in the Punjab, especially the B. C. G. A. Farm, Khanewal, for providing all facilities 
for the conduct of field experiments. 

I received most willing co-operation and help from all members of my staff, 
who spared no efforts to do the work entrusted to each of them. They did not 
spare themselves and worked on all days irrespective of holidays, Sundays or office 
hours. An idea of the quantity of work done by them can be obtained from the 
data published in the form of scientific publications in Indian Journal of Agri- 
cultural Science. 

The whole research was carried out at the Punjab Agricultural College, Lyall- 
pur under a scheme of the Indian Central Cotton Committee. 


R. H. DASTUR, 

Plant Physiologist^ 

Cotton Physiological Research Scheme. 
Indian Central Cotton Committee. 




PREFACE TO THE SECOND EDITION. 

The American cottons hirautum) ever since their introduction in different 
parts of India have been subject to two important physiological diseases viz. *bad 
opening’ of bolls or tirdk and the red leaf disease. The investigations reported in 
this book deal with these two 'diseases* which were found to be prevalent in the two 
most important American cotton growing tracts in India viz. the Punjab and Sind. 

In the Punjab the causes of periodic failures of American cottons had been sub- 
ject of discussion ever since 1919 when the first major failure of the crop occurred. 
The crop exhibited symptoms of tirak or ‘bad opening* of bolls with premature shed- 
ing of leaves. Since that year various theories or views were expressed regarding 
the causes that caused such failures of crop. As these failures caused great financial 
losses both to the cotton growers and to the Provincial Government a scheme was 
prepared in 1932 by the Punjab Government to conduct scientific investigations 
of the whole problem and the Indian Central Cotton Committee was approached 
to provide the necessary funds. The scheme was sanctioned by the Committee and 
it started working in March 1935. 

Very many lines of pure physiological research on cotton were proposed in the 
Scheme but the permission of the then Director of Agriculture, Punjab, Sir Her- 
bert Stewart, Kt., C.I.E., was obtained to tackle this problem of tirak and periodic 
failures of cotton as it appeared to the author under field conditions. 

Observations made on the crop during the years 1935 and 1936 showed that 
the fields of cotton exhibiting all the symptoms of tirak or ‘bad opening’ of bolls 
described for the previous failure years were present even though these two years 
proved to be the normal years of very high yields. It was therefore proposed in 
1937 to investigate the soil conditions associated with tirak symptoms in such 
fields. Owing to difference of opinion in the Committee arising out of an asser- 
tion made before, that soil factors did not play any part in the disease’. Dr. T.G. 
Mason, F.R.S. was invited in 1937 in a consultative capacity to give his views. 
He agreed with the author’s findings and conclusions and soil investigations were 
undertaken. 

Two soil conditions associated with tirak were discovered in 1938 and the 
weather conditions that aggravated the intensity and the spread of tirak became 
known in the year 1939 which fortunately for the investigation proved to be a cotton 
failure year. The ameliorative effect of delaying sowing on tirak by two to four 
weeks on both soil types was first discovered in 1938 and the necessity of closer 
spacing than 3 feet between two cotton rows so far adopted in the Punjab was also 
found out in 1939. Extensive trials of this simple measure to remedy tirak were 
undertaken from 1940 to 1942 in the different districts. As a result of 41 complex 
experiments optimum sowing periods in combination with closer spacing were 
fixed for each variety and for each cotton tract. 

The detailed results of the investigation conducted at the Punjab Agricultural 
College, Lyallpur, from 1935 to 1942 have already been published in 16 seperate 
parts in the Indian Journal of Agricultural Science, Volumes 9 to 15. 
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The Sind- American Cottons in Sind since they entered into large scale culti- 
vation after the completion of Lloyd barrage in 1932 have also been reported to 
suffer from the *bad opening’ of bolls although partial failures of crop as in the 
Punjab had not occurred. After the Punjab investigations were completed in 
1942, investigations in Sind to determine the causes of *bad opening’ of bolls were 
. undertaken and completed in 1946. The same causes and the remedy for the 
‘bad opening’ of bolls discovered in the Punjab-American cottons were found to 
hold good for the Sind-American cottons in Sind. It was also explained why such 
partial failures of the cotton crop had not occurred in Sind. The main findings of 
the investigations conducted in Sind are now incorporated in this second edition 
of the monograph. 

Side by side the investigations conducted on the ‘bad opening’ of bolls in 
Sind-American cottons, the factors that produced the red leaf disease and its frequent 
and wide-spread occurrence in south Sind have been determined. This ‘disease’ 
was found to be present to a greater or lesser extent every season in this tract. 
The two types of the red leaf, the yellow-red and the green-red have been differenti- 
ated and these two types of the red leaf have been found to be associated with two 
different types of soils. The yellow-red type was found to be the most prevalent 
type and remedial measures for lessening the intensity and spread of the yellow-red 
leaf have been recommended. 

The original title of the monograph has been retained with the omission of the 
word ‘in the Punjab* as the revised edition contains the investigations conducted 
in Sind. 


R. H. DASTUR, 

Plant Pyhsiologist 
Indian Central Cotton Committee^ 
Ballard Estate y Bombay. ' 



FOREWORD. 


Of the many achievements of the Agricultural Departments in India, few, if 
any, have equalled and none has surpass^, in point of financial gain which it has 
conferred on the cultivator, the introduction of American staple cotton into the 
Canal Colonies of the Pimjab. To him its replacement of short staple indigenous 
cotton annually brings crores of rupees of additional income, whilst trade and industry 
also have reaped their share of the benefits. In 1912, when its possibilites began to 
be recognised, Punjab -American cotton occupied an area of about 10,000 acres, . 
out of a total Punjab crop of about 1,460,000 acres. In 1943-44 the 1,840,000 
acres under these staple varieties represented 70 per cent of the total 2,602,000 
across of cotton grown in the province. Some idea of what this cotton means to 
the cultivator may be obtained from the fact that for each rupee per maund by 
which the price of its kapas (seed cotton) exceeds that of indigenous short staple 
cotton, the total added income to the Punjab cultivator in a single year at the present 
time is more than one crorc of rupees and, though not customary, a premium 
of Rs. 10 per maund in some years is not unknown. Nor does this give an ade- 
quate picture of the benefits which the introduction of this cotton has conferred, 
for, since the advent of perennial irrigation in Sind, Punjab- American cotton 
and its Sind descendants constitute the principle cotton crop in that province also. 

In 1919 the Punjab -American cotton crop received its first serious setback 
when it was attacked by an unknown “disease ” which caused the leaves of the 
plants to turn first yellow and then a deep red colour and to shed prematurely ; 
the bolls opened incompletely ; the seed inside them was undeveloped and the fibre 
was trash. The yield per acre of this very poor quality seed coton was only about 
25 per cent of the normal outturn from a healthy crop. These “failures” of the 
Punjab -American cotton crop were rex>eated partially or completely on seven sub- 
sequent occasions, in 1920, 1921, 1926, 1927, 3928, 1931, and 1932. 

Various theories were advanced from time to time to explain this condition 
which became known as tirak. They included lack of sufficient irrigation, 
white fly attack, faulty nutrition of the plant, excessive plant growth in July and 
August, severe drought in September, high temperature and low humidity in 
September-October, heat stroke, dust-storms, water-logged soil due to heavy 
rain and non-dehiscence of anthers. None of these possibilities, however, offered a 
satisfactory solution of the mystery of the occasional “failures” of the cotton crop. 

In 1936 the first serious attempt scientifically to investigate the cause of this 
peculiar and financially disastrous condition of the cotton plant was undertaken 
when the Indian Central Cotton Committee provided the necessary funds for the 
employment of special staff for the purpose and the Punjab Government the re- 
quired facilities in land, laboratories, etc., at Lyallpur. The ihvestigation was 
completed in 1943 and this Monograph describes the results. The story which it 
unfolds is a striking example of how investigations into the realm of pure science 
can be turned to practical account in everyday agricultural practice. 

Until he undertook this investigation Prof. Dastur had no previous contact 
with or knowledge of the cotton plant. He began this research by observations on 
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its internal struoture and he discovered an extraordinary and previously unreooided 
state of affairs in that the structure of the chloroplasts had broken down, the whole 
internal economy of the plant had become disorganised and large accumulations of 
starch and of tannin were found. 

Prof. Dastur then succeeded in reproducing these extraordinary internal con- 
dition in the cotton plant, together with the outward tirak symptoms of bad 
boll opening, undeveloped seed and trashy lint, by subjecting the plant during 
growth to concentrations of certain salts in the pure sand in which he grew it. At 
this stage of the investigation, through the co*operation of the Empire Cotton Growing 
Corporation, London, the services of Dr. T. 6. Mason from Trinidad were obtained 
in a consultative capacity and it was agreed that all the evidence then available 
warranted a tentative conclusion that the origin of the trouble was to be found in 
the soil. 

In his subsequent investigations, Prof. Dastur not only proved the correctness 
of this conclusion but found that tirak was produced in soils of two distinct 
types, namely, light sandy soils deficient in nitrogen and soils whose sub-soils pos- 
sessed high alkaline content. 

Having ascertained the cause of tirak^ Prof. Dastur then set about dis- 
covering the remedy. For soils of the first type, this was found in the application 
of nitrogenous fertilisers at an appropriate stage in the growth of the cotton plant. 
The solution of the problem in soils of the second type was found ultimately to lie 
in delaying the date of sowing, but this treatment produced a plant much reduced 
in size and adversely affected the yield of cotton per acre. Prof. Dastur completed 
his achievements by overcoming this serious defect through increasing the seed 
rate per acre and progressively reducing the spacing between coton plants as the 
sowing date was delayed. 

To the scientific world, Prof. Dastur has made a valuable contribution during 
the eight years coverd by his research into this problem, whilst for the practical 
cotton grower he has not only determined the causes of the heavy financial losses 
which were suffered in certain years in the past but bas provided practical remedies 
by which these losses can be avoided in the future. To the Indian Central Cotton 
Committee which made this research possible by its unstinted financial assistance,, 
the Punjab cotton grower and the cotton manufacturing industry stand deeply 
indebted. 


25th September, 19i4. 


H. R. STEWART 
ViM^Ghairrmn, 

Imperial Council of Agricultural Reeearch^ 
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CHAPTER I 

INTRODUCTION 

41* Punjab -American cotton {O. hirsutum) was first given out to the cultiva- 
tors in 1914 by the Department of Agriculture, Punjab. The original stock, from 
which this selection was made by D. Milne, the then Economic Botanist, was very 
probably received from Dharwar. 289F Punjab -American cotton was also selected 
from the same source. Further selections were made by the Scientific Staff of 
the Department from these two strains. L.S.S. and 289F/43 were selected from 
4F and 289F respectively and these new strains are now being widely cultivated. 
L.S.S. and 4F. are generally grown in Sarghoda, Sheikhupura, Jhang and Lyallpur 
districts while 289F and 289F 43 are grown in the western tracts of the Punjab. 
A further selection known as K25 was obtained from 289F by the staff of the B.C.G.A. 
Farm at Khanewal. 289F/K25 had gained great popularity in the south-western 
tracts, especially in Multan district, but it was now replaced by another selection 
named 289F/124. 

The acreages under American cottons in the Punjab have fluctuated very 
widely from year to year. On account of high prices of cotton that prevailed after 
the last Great War the acreage under American cottons jumped up from 401 ,000 
acres in 1921 to 1,134,000 acres in 192(5 but it again dropped to 750,CK)0 acres in 
1927 on account of the failure of the crop in the year 1926. American cotton 
failures again occurred in 1927 and 1928 and, therefore, the area under Americans 
fluctuated between 7 and 8 lacs acres up till 1 934 when the acreage under Americans 
again went up to 1,305,000 in 1935. The reasons for this increase in acreage were 
low prices for short-stapled cotton and very good yields of American cottons from 
the year 1933 onwards when the average yields per acre went up to 7.3 maunds as 
compared with the average of 5 maunds in the previous years. The area under 
American cottons have up till now fluctuated between T2 and 18 lacs acres. 

A certain proportion of desi cotton is also grown in the irrigated tracts of the 
Punjab, where American cottons have been introduced. The acreage under desi 
cottons varies from district to district and year to year but is generally much less 
than that of Americans in each year and in each district. The average acreage 
of desi for the eight important American cotton growing districts in 1935-36 was 
499,464 as compared with 1,234,297 for Americans. Zmnindars would very pro- 
bably have put their entire area under Americans if the same were not subject to 
the physiological trouble of defective boll-opening, popularly known as tirak, 
Tirak was present in a very severe form during the failure years referred to above, 
and was mainly responsible for lowering the yields of Americans by nearly 50% 
of the normal. 

The climatic and the soil conditions in the central and the western tracts of 
the Punjab are favourable for the growth of American cottons wherever facilities 
for canal irrigation are available. The sandy loam soils with the climatic advantage 
of long and warm summer days are particularly favourable for vigorous vegetative 
growth of the plants. On soils of medium fertility the plants of 4F cotton attain 
a height of 3 to 4 ft. and produce numerous branches ; so much so that by the month 
of September the crop when sown at a row to row distance of 3 ft. becomes so thick that 
it id not possible to pass through without damaging it. The flowering phase sets in 
when the day length shortens and the temperatures fall in the month of September. 
The fruiting season begins in September and extends up to the third week of October. 
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Pickings begin in November. The fruiting period is of a short duration as compared 
with the length of the vegetative phase which begins in May and practically ends 
when the reproductive phase sets in. 

A study of the cotton crop in the different phases of growth in the Punjab 
leads one to conclude that the vegetative and reproductive phases of the crop were 
physiologically unbalanced. The vegetative growth of the plant appeared to be in 
excess of what was produced by it in the form of bolls. The above impression was 
further confirmed by the fact that the sowings of American cottons have been 
gradually shifted as experience was gained. In the early years of their introduction 
in the Punjab the general sowing time was the month of March which was then 
gradually shifted to April. In later years the month of May has been the main 
sowing period. 

As the periodic failures of American cottons caused great financial losses to 
the cotton growers and to the Government of the province as well, they had been a 
subject of investigation from 1919 onwards. Attempts were made to discover 
the causes responsible for such periodic occurrence. Various views were expressed 
regarding the causes of cotton failures and they are briefly discussed below. 

(i) Previous views on the Causes of Cotton Failures. 

Roberts (1929, 1930) from his observations made in the failure years of 1927 and 
1928 on the crops sown in May and early in June at the British Cotton Growers’ 
Association Farm at Khanewal surmised that the White Fly was the cause of tirak 
and of low yields in the failure years. He attributed the superiority of early June- 
sowings to May- sowings to the greater damage caused by White Fly to the latter 
than to the former. 

This view was subsequently supported by Thomas (1932), Detailed investiga- 
tions were therefore undertaken by the Department of Agriculture with the financial 
assistance of the Indian Central Cotton Committee to determine the role played by 
the White Fly in the development of tirak in American cottons. Afzal Husain 
and Trehan (1933) showed that though the White Fly was a serious pest of cotton 
causing flower and boll shedding in American cottons, it was not responsible for 
causing the widespread failures of cotton. It may be mentioned that the failures 
of cotton occurred even in years which were not the White Fly years. 

Milne (1921, 1922, 1928) expressed different views regarding the cause that gave 
rise to these failures. Amongst them may be mentioned, in the order they were 
expressed, (1) inadequacy of water supply in the months of September and Octo- 
ber which were dry and warm, and (2) the crop suffered from heat stroke in the early 
stages of growth on account of high temperature and low humidities in May- June. 
A number of suggestions regarding the possible causes of this periodic occurrence 
have been recorded by Milne (1928). None of these statements or suggestions was, 
however, supported with experimental or any other kind of evidence. 

Trought (1931) attributed these failures to the operation of three kinds of factors, 
viz,, climatic, biotic and physiological. He had definitely ruled out the soil factor 
as playing any part in the development of tirak in these failure years. The part 
played by the soil conditions in the development of tirak in American cottons has 
already been reported in the contributions by Dastur (1941b and 1942) and Dastur 
and Samant (1942), on the tirak problem and will be discussed in subsequent Chap* 
ters. It was therefore unnecessary to discuss here the views expressed by Trought 
(1931). 
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(n) Symptoms of Tirak 

American cotton plants were reported to show, during the failure years, pre- 
mature cracking of bolls with immature seeds and poor quality of lint. The im- 
portant observation, symptomatic of the disease, was yellowing and reddening 
of leaves, which appeared towards the beginning of the reproductive phase, intensi- 
fied with age and was followed by early defoliation. Though this was an important 
observation, its significance escaped attention at that time. Yellowing and redden- 
ing of leaves indicated internal starvation for want of some essential elements like 
nitrogen, magnesium or phosphorus. Such symi)toms in leaves have been described 
by various workers in the case of other crops that suffer fiom a deficiency of any 
one of the rare or essential elements {vide Russell, 1937). The immaturity of seeds 
in tirak affected plants also pointed to a deficieny of potash. The cotton plants 
in some parts of America had been reported to produce immature seeds when they 
suffered from what was called ‘potash hunger’ (Skinner & Pate, 1925 ; Wood, 
1935; Neal and Gilbert, 1935). 

The symiJtoms of tirak described above were reported to appear when crop 
was in its reproductive phase during all the failure years and there was, therefore, 
an additional reason to conclude that there was some disturbance in the mineral 
uptake of the plants as the various elements were known to be required in the 
maximum amounts at the reproductive stage. 

The c razy top disorder in Pima cottons in Arizona in the United States which 
was lirst noticed by Cook (1924) bears some resemblance to tirak symptoms in 
the Punjab. The bolls of plants suffering from this disorder were also small and 
deformed and were I'educed in number. No mention had been made about the 
maturity of seeds or the quality of lint. Though no data of the physical and chemical 
properties of the soil are available the ‘disease’ was associated by King and Loomis 
(1927) with the impervious nature oi the subsoil within two or three feet of the soil 
surface. It was also stated by them that in some cases no differences between soil 
characters of the ‘diseased’ and the normal areas were noticed. In the absence of 
more information regarding the properties of the soil in the affected area, and the 
morphological characters of the cotton plants that suffered from the crazy top 
disease, it was difficult to say whether it bore any resemblance to the physiological 
condition of tirak in the Punjab -American cottons. 


CHAPTER II. 

VARIATIONS IN THE YIELDS OF SEED COTTON. 

As the partial failures of American cottons occurred in all the important 
districts of the Punjab, it was thought necessary to determine the depressions in the 
normal yields that occurred in these years in the whole province as well as in each 
of the important cotton growing districts. 

Such a study would reveal what were the bad, partially bad and good crop years 
and to what extent the yields were depressed or enhanced in the bad or the good 
years of the cotton crop in the Punjab. 

Acreages under American and desi cottons in eight important American cotton 
growing districts of the Punjab were obtained for the period 1921-1935 
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from the Season and Crop BepoHs published by the Punjab Government. Similarly 
the total number of bales of American and deai cottons pressed in each district and 
for the whole province were obtained from the same source. As no separate figures 
for the acreage or bales for American and deai cottons were available prior to 1921 
the failure years of 1919 and 1920 could not be included in this study. In order to 
convert the figures for lint (1 bale==400 lbs. of lint) into those of seed cotton, ginning 
percentages for American Bxiddeai cottons were taken as 30% and 35% respectively. 
The yield of seed cotton in maunds (1 maund=3:82.2 lbs.) per acre for each of the 
eight districts and for the province was then calculated. 

There were various objections to this method of calculating the yields : (1) the 
figures for the number of bales pressed in each district may not be quite accurate; 
(2) the bales marked as American cottons contained varying proportions of deai 
cottons mixed with it and (3) a small fraction of seed cotton was always locally 
consumed and it was therefore not included in the number of bales pressed. It 
will be seen that oven with such inaccuracies in the data, the reported failure 
years were characterised by great fall in the normal yields of each district and of 
the province as a whole. 

(i) Vabiations in the Yields of Americans. 

The yields in maunds per acre of American cottons for the eight districts and 
for the whole province for the years 1921 — 1935 are given in Table 1. 

Taking the province as a whole the yields were reduced to 3.18, 3.28 and 3.14 
maunds per acre for the three failure years 1921, 1926 and 1928 respectively. These 
years were reported to be the worst years for American cottons in the Punjab. 
Similarly the yields were low in 1927, 1931 and 1932 fluctuating between 4.5 to 
4.7 maunds per acre. The yields were normal in 1922, 1925, 1929 and 1930 and 
very good in the remaining years. The average yields of the whole province were 
lowered by 39.5%, 37.6% and 40.3% of the general mean in the years 1921, 1926 
and 1928 respectively and by 10% to 18% in 1927, 1931 and 1932. 

When the yields of the different districts were separately studied, it was seen 
that in all the eight districts (with the exception of Gujrat district in 1921) the 
yields were low in the three years 1921, 1926 and 1928. The extent to which the 
yields were lowered in each district during these years varied from district to district. 
In 1921 the yields were lowered by 20% to 58% of the general mean in each of the 
seven districts. Similar variations in the depression in yields expressed as per- 
centages of the general means were found in 1926 and 1928. In 1932, with the 
exception of Gujranwala district, the yields were below average in all the districts, 
while in 1931 the yields were below average in all the districts, except in Lyallpur 
and Montgomery districts. Similarly Gujrat, Gujranwala and Shahpur districts 
had normal yields in 1927, while the yields in the remaining districts in the same 
year were below normal. 

Thus in the whole province the crop was bad in 1921, 1926 and 1928, partially 
bad in 1927, 1931 and 1932, normal in 1922, 1925 1929 and 1930 and very good in 
1923, 1924, 1933, 1934 and 1935. It thus became quiteclear that 1921, 1926 and 
1928 were the worst crop years, while 1927, 1931 and 1932 were partially bad years 
for American cottons in the Punjab. The yields of the districts taken separately 
showed that they were very low in the three years, viz,, 1921, 1926 and 1928, with 
one exception only, in all the districts. In the years 1927, 1931 and 1932 the yields 
were depressed in some districts but not in others. - 
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A fall in yield of about two maunds per acre in each of the three failure years in 
the province as a whole meant a great financial loss to the cotton growers and a loss 
in revenue to the Government of the province as well. If the average total acreage 
under the American cottons in the Punjab was taken as one milion and if the price 
of seed cotton per maund was taken at its lowest value of Rs. 7 per maund, the total 
loss in a year like one of these failure years, would amount to 1.4 crores of rupees. 
It was, therefore, a matter of great importance that the causes of such failures of 
American cotton crops in the Punjab should be immediately investigated and if 
possible be remedied. 


(li) Variations in Yields of Desis. 

It had been stated that deat cottons did not suffer in yields to a great extent 
in these failure years and the term failure was used for the low yields of American 
cottons which exhibited the symptoms of Hirak' The yields of desi cottons were, 
therefore, collected to see the depressions in their yields during the same 
years. 

The results of the yields, in maunds per acre, for deals during 1921-1935 are 
given in Table II. Taking the province as a whole the yields had fluctuated from 
2.89 to 5.57 maunds per acre during the 15 years, the general mean yield being 
4.05 maunds. Thus the yields of desi were, on the whole, lower by nearly 1.2 
maunds than the yields of Americans. The low yields of deals ^ as compared with 
Americans, may be due to the fact that Americans were generally grown on fertile 
lands while deals were grown on poor lands. 

The results showed that desi and American crops were good, normal or bad in 
the same years. Both Americans and desia failed in 1926 and 1928, were good 
in 1924, 1933, 1934 and 1935 and normal in 1925, 1929 and 1930. In 1931 deals 
suffered more than Americans and in 1921 and 1927 Americans suffered more than 
deals. The general conclusion is that in most of the years desi and American crops 
have been good, normal or bad. In some years there were smaU differences in the 
percentage deviations from the respective mean yields and this was quite 
natural as even amongst Americans or deals themselves such differences in 
the yields between the different districts in the same year did exist. Thus 
the only difference between the failures of American and desi cottons was that 
desi plants did not exhibit externally the symptoms of tirak, viz., the early yellow- 
ing and shedding of the leaves and the bad opening of the bolls. This was a 
very important point to be considered. The yields of seed cotton may be lowered 
when tirak occurred on account of a reduction in the boll weight but the yield of 
seed cotton may also be lowered if the number of bolls per plant was reduced. In 
the reports of Milne (1922, 1928) and Trought (1931) the early yellowing and 
shedding of leaves and the ‘bad opening’ of bolls had been reported to occur in 
American cottons in the failure years but no mention was made of simil r symp- 
toms developing in desi cottons even though the yields of desi cottons 
were lowered as shown in the Table II. The low yields in desi cottons may therefore 
be due to a reduction in bearing in the failure years. As the decrease in boll number 
in American cottons had not been reported to occur in the failure years, the low 
yields may be wholly due to a decrease in boll weight (i.e. weight of seed cotton 
per boll). It is possible that desi plants were physiologically different from the 
American cotton plants and therefore such symptoms did not develop in the 
former. 
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(Hi) CORBBLATION STUDIES OF THE YlBLD DATA 

The foregoing yield data relating to American and desi cottons during the 
15 years were statistically analysed to see how far the general conclusions reached 
above were supported. 

The correlational analysis of the yields of American and deal cottons showed 
that there was a highly significant correlation between desi and American yields 
in all the eight important districts, the values of correlation coefficients ranging 
from +0.7248 to +0.9147. This supported the general conclusion that desi cottons 
did badly or well in the years in which American cottons failed or gave high yields 
(Table III). 

The correlation of the yield of American cottons with time was significant or 
suggestive in case of the majority of districts (Table III) varying from +0.6426 
to +0.0118, while the correlation coefficients of the yields of desi with time were 
also significant or suggestive, the value varying from + 0.5060 to +0.2569. The 
pooled correlation co-efficients were, however, highly significant both for desis 
(r= +0.4041) and Americans (r— +0.4635). Thus there was an indication of a 
steady rise in the yields of American and desi cottons. 

Table III 




Desi Cottons 

American Cottons 

Best & 
American 
correlation 

Districts 


Mean 

Successive 

year 

correlation 

CorroU- 
tion with 
time 

Mean 

Successive 

year 

correlation 

Correla- 
tion with 
time 

Oiijrat 


3.929 

4-0.2379 

4-0.4132 

5.388 

—0.0408 

4-0.0118 

4-0.7248 

Oujraiiwala . . 


3.495 

—0.0141 

4-0 5060 

4.380 

4-0.0877 

4-0.6426 

4*0.8248 

Sheiktuipura . . 


4.203 

4-0. 3650 

4-0.4663 

5.566 

4-0.5180 

4-0 3791 

4-0.8643 

9hahpur 


3.029 

4-0.3055 

4-0 3960 

4.083 

4-0.3662 

4-0.3537 

4-0.8657 

Layllpur 


4.307 

4-0.4570 

4-0.5020 

6.049 

4-0 5283 

4-0.5437 

4-0.8191 

Montgomery . . 


4.605 

4-0.3490 

4-0.3298 

j 5.708 

4-0.3843 

4-0.5933 

4-0.9138 

Jhang 


3.531 

4-0.1765 

4-0 2569 

! 4.515 

4-0.3952 

4-0.4476 

4-0.8006 

Multan 


3.445 

4-0.043S 

4-0.3423 

1 4.072 

4-0.7610 

4-0.6030 

4-0.9147 

Fooled correlation 


i 

4-0.32S5 

4-0.4041 


4-0.4026 

4-0.4635 

, . 




n s 89 

n = 97 

i 

n s 89 

11= 97 

•• 


The successive year correlation in the case of desi and American cottons came 
out to bo significant in the case of one district (Multan) while suggestive in the case 
of a few others (Table III). The pooled correlation coefficients lor both were highly 
significant (i?= -f- 0.3285 for desi and r= +0.4026 for Americans). Thus there was a 
tendency for low yielding and high yielding years to be associated together in groups; 
1919, 1920 and 1921 ; 1926, 1927 and 1928; and 1931 and 1932 were low yielding 
years while 1923 and 1924 and 1933, 1934 and 1935 were high yielding years. 
The yields of American and desi cottons had gone up during the last three years, 
and this conspicuous increase in the yields of both cottons since 1933 had in all 
oases considerably increased the regression of yield on time. 







Fig. 2 Section of a loaf of 4F Punjab -American Cotton showing large 
starch grains (unstained) inside the chloroplasts which have bulged out and 
joined with one another. 


CHAPTER m 

TIRAK ON LIGHT SANDY SOILS DEFICIENT IN NITROGEN 

Two lines of work were undertaken during the first two years of the investi* 
gations on the causes of timic in the Punjab- American cottons. (1) Detailed ob- 
servations were made on the cotton crop at all stages of development with a view 
to find out plants exhibiting the symptoms of ^im/candto continue these observation^ 
in the same areas during the second year. ^2) If a disturbance in the mineral uptake 
was the cause of tirah^ it would be possible to detect by microchemical tests and by 
microscopical examinations some abnormality in the tissue?; of the roots, stems 
and leaves of plants that later developed the external symptoms of the ‘disease.’ 
It can be now said that the knowledge that has been gained on this complex problem 
of tirak and on the problem of cotton failures in the Punjab had its beginning in 
the preliminary observations made on the two lines of work mentioned above. 
These two lines of work showed that ()) there were abnormalities in the tissues 
of the leaves of plants that sutfered from ftmA: and (2) tirak occurred even in normal 
crop years and it was found to be present, in some cases, in the same field or on the 
same patch of a field whenever cotton was grown there. 

In order to follow the sequence of changes occurring in the crop that developed 
symptoms of tirak it was necessary at the outset to state that there were two types 
of soils where tirak symptoms developed. 

The two types of soils associated with tirak were found to be (1) light sandy 
soils deficient in nitrogen and (2) soils which contained free sodium salts or sodium 
clay or both together in the subsoil beginning from the 3rd or the 4th foot from 
the soil surface. The nature of the physiological disorder which led to the devel- 
opment of tirak-aSected crop was found to be different on the two soil types. The 
popular name tirak was, however, retained here for the ‘disease’ appearing on either 
of the two types of soils. In this Chapter the investigations dealing with the deve- 
lopment and causes of tirak on light sandy soils are described. 

(t) Abnormal features inside the leaves 

An accumulation of starch in the mesophyll cells of the leaves was the first notice- 
able abnormal feature. The leaves at dawn were found gorged with big starch grains 
(Dastur 1939a). This condition was found to occur as early as July or later 
according to the degree of nitrogen deficiency in the plant. The starch grains 
formed in the chloroplasts during the day did not get dissolved at night as they did 
in the leaves of normal plants (Pig. J) but they daily grew bigger and bigger in size 
on account of the deposition of fresh starch layers during the day (Fig.2) The 
chloroplasts got bulged and were reduced to a thin membrane covering the big 
starch grains.^ In some cases, the starch grains were found to rupture the chloro- 
plasts, and the ruptured membranes of the ohloroplasts could be distinguished by 
proper staining. 

The acoumulation\)f a substance giving the reactions of a “tannin” in the 
palisade and spongy cells of the leaves was another abnormal feature of plants 
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growing on this type of soil (Fig. 3.) Many a time ‘‘tannin” appeared in cells which 
contained the starch grains. The probable chemical nature of this substance 
was established first by microchemical and later by macrochemical methods (Dastur, 
1939 b). 

The accumulation of “tannin”* in the leaves was found to occur much earlier 
than the appearance of tirak symptoms. The accumulation of “tannin” began to occur 
in the leaves at the beginning of the flowering stage, i.«., in August while tirak symp- 
toms appeared in October. No such accumulation of “tannin ” was found to oc- 
cur in the leaves of normal plants up till the end of October. 

Between these two extremes there were found plants in which a certain amount 
of accumulation of the substance in the leaves occurred during the fruiting period. 

The relation between these three internal symptoms : (1) the accumulation of 
starch, (2) the mechanical breakdown of the chloroplasts and (3) the accumulation 
of “ tannin ” in leaves and tirak was finally established by a systematic investi- 
gation of the leaves during the growth of the plants in fields known to be deficient in 
nitrogen and in fields where no nitrogen deficiency was known to occur. 

(ii) Relation between “Tannin” Accumulation and Nitrogen Content 

During the cotton season of 1937-38 the leaves of iF cotton plants from a manu- 
rial experiment were examined periodically for “ tannin ” from the month of July 
onwards. The fertilizers used were all combinations of ammonium sulphate, potash 
and superphosphate. The results of this investigation showed that there was a 
great accumulation of “tannin” in the leaves of plants grown on the control plots 
and on plots that had been manured with potash or surj)erphosphate, while there 
was little or no accumulation of “tannin” in the leaves of plants on plots that had 
received ammonium sulphate, either singly or in combination with potash or super- 
phosphate or both. In fact, in many of the latter cases the leaves were found to be 
free from “tannin.” “Tannin” was found to accumulate from the third week 
of August in the leaves from plots to which nitrogen had not been applied. There 
was thus a marked difference between the leaves of plants from the nitrogen and no- 
nitrogen plots, when examined microchemically. 

The results stated above suggested some relationship between “tannin ” 
accumulation in leaves and their nitrogen contents. This possible relationship 
was, therefore, investigated during the next cotton season. A chemical method 
for testing “tannin” was developed to replace the microscopic method (Fig. 4). 
This method is described in detail in Chapter X. 

In the cotton season of 1938-39 two manurial experiments were laid out. In the 
fi^st experiment 50 lb. of nitrogen in the form of ammonium sulphate was applied 
either (1) at sowing time or (2) at flowering time or (3) at both stages. Control plots 
were also included. In a second experiment in the same square (1) sulphate of 
of ammonia and (2) green manuring were among the treatments. The leaves of 
plants from the nitrogen and no-nitrogen plots were tested for “tannin.” 

The positive “tannin” test was again given at the flowering phase by the 
leaves of plants grown in plots to which no nitrogen had been applied, while the test 
was not given at the same stage by leaves of plants from plots treated with nitro- 
genous fertilizers as shown below in Table IV. 

* This substance giving the reactions of a tannin is provisionally named as tannin. 



Fia. 4. Negative (left) and positive (right) tests of “tannins” in 
extracts of leaves with a high (3,53%) and a low (2.14%) nitrogen con- 
tent respectively. 
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Table IV 

Effect of nitrogenoua fertilizers on the accumvlation of '"tannin"^ in leaves (two 

repliceUee), 


TREATMENT 

DATES 


1 

9-9-38 j 

21-9-38 

1 

29-9-38 

1 7-10-38 

10-10-38 

1 

Control 

+ 

+ 

+ ! 

+ 

+ 

Green manure 

— 

— : 

— 

— 

— 

50 lb. N. as sulphate of ammonia 
at sowing 

1 

i 


— 1 

+ 

I 

501b. N. as sulphate of ammonia 
at sowing . . . . . . | 

— 

1 




+ 

50 lb. as sulphate of ammonia at i 
fiowering . . 

1 

! — 

— 

— 

-1- 

50 lb. N. at sowing + 50 lb. N. at 
fiowering as sulphate of ammonia 

1 

1 

i 

1 

i 

— j 

— 


It was evident from the results that the nitrogen metabolism of the plant had 
some relation with the accumulation of “tannin” in leaves. Steps were, there- 
fore, taken to determine the nitrogen contents of the leaves of plants grown in the 
control plots and of the leaves of plants from plots treated with sulphate of ammonia. 
The leaves of five plants selected at random from each plot were collected at fort- 
nightly inervals and their nitrogen contents determined by the kjeldahl’s method. 
The leaves after drying were also tested for “tannin”. 

The total nitrogen contents of the leaves of plants from the control plots were 
found to be at a lower level than the total nitrogen contents of the leaves of plants 
at the same stage of growth from plots that had received ammonium sulphate. 
The total nitrogen content of the leaves of the control plots was on an average 
1.76% of the dry matter on 20th September when “tannin” was found in them 
while it was maintained at a higher level in the leaves of plants from the manured 
plots (Table V). 

The positive test for “tannin” was given by the leaves when the total nitrogen 
of the leaves fell in the neighbourhood of 2.5 per cent, while the test was negative 
when the total nitrogen of the leaves was higher than 2.5 per cent (Tables V and VI). 
The leaves of the control plots gave a positive “tannin” test early in September, and 
this was accompanied with a low nitrogen level in the leaves. The negative test was 
generally accompanied with a high nitrogen level in the leaves (Fig. 4). The values 
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TaSlb V 


Total '^^iiitrogAn content of the leaves with a 'positive or a negtttive teet for ‘‘ tannin ”* 


Plot 

26-8-38 

20-9-38 

20-10-38 . 

Wt. of seed 

Yield 

No. 

%ofN. “Tannin.” 

% of N. “Tannin.” 

%ofN. “Tannin.” 

cotton per 
boll ingm. 

in lb. 

1 per plot. 


Oontrol 


1 

2.58 

— 

1.82 

+ 

1.46 

-f 

1.66 

15.8 

4, 

2.99 

— 

2.26 

+ 

1.62 

+ 

1.66 

13.1 

16 

2.64 

— 

1.71 


1.67 

4- 

2.06 

16.6 

20 

2.82 

— . 

1.65 

+ 

1.22 

+ 

1.86 

18.8 

39 

1.97 

+ 

1.51 

+ 

1.23 

+ 

1.61 

16.0 

60 

2.42 


1.71 

+ 

1.16 

+ 

1.84 

16.3 

62 

1 2.52 

1 

— 

1.71 


1.31 


1.31 

15.4 

Mean 

1 2.66 


1.76 


1.36 


1.68 

15.9 


50 lb. Nitrogen at sowing time (16-6-38) 


18 

3.34 

— 3.16 

— 2.32 

+ 

2.15 

31.0 

13 

3.22 

— 2.81 

— 2.31 

+ 

1.83 

26.6 

49 

— 

— 2.66 

— 1.86 

+ 

2.44 

36.6 

32 

2.69 

— 2.20 

+ 1.76 


2.16 

36.2 

45 



— 2.69 

— 1.70 

•f 

2.21 

32.3 

69 

3.46 

— 2.67 1 

— 1.98 

+ 

2.36 

31.0 

62 

2.98 

— 2.66 

-1- 2.03 


2.22 

32.6 

64 

3.27 

— 2.86 

— 2.01 

+ 

2.31 

36.3 

Mean 

3.16 

2.71 ! 

1.99 


2.21 

32.4 


50 lb. Nitrogen at flowering (17-8-38) 


8 1 

2.96 


2.43 

4- 

1 2.07 

1 + 

1.86 

1 26.3 

19 

2.69 

— 

2.63 

4- 

2.00 

4- 

1.96 

27.4 

. 26 

2.69 

— 

2.74 


2.30 

4- 

2.47 

34.00 

38 

2.27 

— 

2.62 

— 

1.81 

4- 

2.16 

31.4 

37 

2.66 

+ 

2.41 

4- 

1.47 

4- 

1.98 

31.8 

63 

2.61 


2.46 

— 

1.84 

4- 

2.26 

29.3 

63 

2.94 

— 

2.74 

— 

2.01 

4- 

2.65 

32.3 

68 

3.01 

— 

2.63 

— 

1.79 

4- 

2.15 

29.3 

Mean 

2.70 


2.67 


1.91 


2.17 

30.1 


60 lb. Nitrogen at sowing 


■ 50 16. Nitrogen at flowering 

28 2.71 — 3.24 — 2.88 — 2.62 38.8 ' 

16 3.18 — 3.24 — 2.77 — 2.04 25.7 

42 2.98 — 3.04 — 2.61 — 2.29 37.9 

67 3.28 — 2.97 — 2.38 — 2.60 34.6 

60 3.16 — 3.21 — 2.40 -f 2.44 39.9 

‘‘40 _ _ 3.21 — 2.38 -f 2.62 37.6 ’ 

66 3.17 — 2.96 — 2.40 + 2.32 39.0 ' 

-36 3.32 — 3.10 -- 2.42 + 2,34 - 37.4 

Mean 3.11 3.11 1 2.49 . , . 2.37 , 36.4''-‘' 
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cff the total nitrogen in the leaves giving a positive test was slightly higher than 
2'.6 per cent, in some determinations, as can be seen from Table Y, but such results^ 
were not xmexpected as the leaf material was composed of all leaves, young and 
old, from five plants from the field. If the leaves of one of the five plants con- 
tained “tannin” and a low nitrogen content, and if the leaves of the remaining 
four plants contained a high nitrogen content and no “tannin,” the “tannin” re- 
action, which was a colour reaction, may be given but the average value of the total 
nitrogen may come out higher than 2.5 per cent. 

In Table V the yields of plots under different treatments are given alongside 
t|ie nitrogen contents and a positive or a negative “ tannin ” reaction. It will be 
seen that the yields of the control plots were lower than the yields of plots treated 
with nitrogen. The addition of sulphate of ammonia had thus a marked effect on 
the yields of seed cotton. 

The weight of seed cotton per boll was also found to increase as a result of the 
application of ammonium sulphate. The weight of seed cotton per boll w^hich has been 
employed as a quantitativ’'e measure for estimating the intensity of tirak or ^bad 
opening’ was determined by weighing the seed cotton of bolls of five plants each, 
in two separate units from each plot. The weight of seed cotton per boll was 
higher in plants treated with sulphate of ammonia than in the case of plants in the 
control plots. There was thus an increase in the maturity of seeds and consequently 
a great improvement in the ‘opening of bolls’ on account oi nitrogen application. 

The relationship of “tannin” to nitrogen deficiency was again confirmed in 
the cotton season of 1939-40 by analysing the leaves from the nitrogen and no-nitrogen 
plots in a field experiment. “Tannin” tests were made in three replicates of the 
control plots and of plots that had received 50 lb. N. as sulphate of ammonia on 
14th August, 1939. Three sowing dates were included in the experiment to 
determine the relation of sowing time with the appearance of “tannin” and iirak 
symptoms. The “tannin” reaction was first given by the leaves of plants from the 
control plots sown on 12th May, at a later date by the leaves of plants from the 
control plots sown on 2nd June and still later by the leaves of plants of the control 
plots sown on 22nd June. Thus by delaying sowings the accumulation of “tannin” 
in leaves was also delayed. 

The leaves of plants in plots treated with sulphate of ammonia under the three 
sowing dates did not give a positive test for “tannin” up till 20th October (Table 
VI) when the “tannin” reaction was generally given even by all cotton plants which 
did not suffer from tirak. 


Table VI 

Total nitrogen contents and the ^'tannM^ reactions of the leaves of plants from nitrogen 

treated and control plots 


Control Plots. NitroRen Plots (BO lb. N. cm 14-8-39). 


Sowing 

date. 

. 21-8-39 ' 

10-9-39 

30-9-39 

; 20-10-39 

21-8-39 1 

10-9-39 1 

30-9-39 j 

20-10-39 



“ Tan- 
nin.” 1 

% l”Tan- 
N. Inin.” 

% r 

1 N. 1 

“Tan- 

nin.” 

1 1 1 

“Tan- 1 
nin.” 1 

1 % 1 

1 X. 1 

“Tan-i 

nin.”i 

% 1' 

X. 1 

•Tan- 1 
nin.” 1 

1 1 

•‘Tan- : 
nin.”| 

°<5. 

l‘•Tan. 
1 nin.* 

12-5-39 

2.14 

• 4 - 

1.63 1 + 

( 

1.60 

1 + 

11.81 

+ 

I2.47 

1 - 

2.84 


2.12 

+ 

1 76 

1 + 

2-6-39 

2.20 

-f 

1.73 1 + 

I1.6O 

+ 

I1.32 


12.67 

1 

\ 

3.04 

— 

2.52 

— 

2.11 

1 

1 4- 

22-0-39 

2.9£r 

— 

2.39 j 4. 

jl.O? j 


•1.81 

J 1 

1 

; 4- 

|3.33 

i - 

3.33 

— 

3.32 


2.70 

i - 
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The nitrogen contents of the leaves of plants in one replicate of the above 
experiment were determined (Table VI). The leaves of five plants in each plot 
were dried in order to determine total nitrogen as was done in the previous year, 
^‘.Tannin” tests were also made from the same samples. 

Th^ results showed that the nitrogen contents of the leaves in the control plots 
were at a lower level than those of the leaves in the plots treated with sulphate 
of ammonia. As the sowing date advanced the nitrogen content of the leaves showed 
an increase at each date when the determinations were made. This held good 
both for the leaves from the control as well as from nitrogen treated plots. 

The yields of seed cotton in lb. for each plot and the weight of seed cotton in 
gm. per boll under the three sowing dates with and without nitrogen are given 
in Table VII. 

In the control plots the weight of seed cotton per boll improved as the sowings 
were delayed. The third sowing produced as high a maturity of seed in the absence 
of nitrogen as in its presence. In the fiirst two sowings the application of nitrogen 
had increased the weight of seed cotton per boll. Thus tirak was remedied on light 
«andy soils either by the application of nitrogen or by delaying sowings till late in 
J^une. 


Table VII 


Yield of seed cotton per plot in lb. and weight of seed cotton in grams per boll in 
nitrogen and 'no-nitrogen plots (1939-40) 




(’lontrol 

i 

] 


50 lb. N 

. at flowering 


Plut 

No. 

Date of 
Howing 

Wt. oi sc'ocl 
cotton per 
boll in gm. 

Yield 
per plot 
in lb. 

1 

Plot 

No. 

1 

Date of 
sowing 

Wt. of seed 
cotton per 
boll in gm. 

Yield 
per plot 
in lb. 

I 

8 

12-5-39. 

1 1 

0.91 

6.25 

3 1 

12-0-39. 1 

1.48 

17.2 

42 


1.11 

8.75 

13 

»> 

1.49 

18.5 

38 

99 

0.98 

7.50 

45 

>> 

1.77 

18.0 


Mean 

1.00 

7.60 

i 

Mean \ 

1.58 

17.9 

r>7 

2-6-39. 

1.36 

9.10 

16 

2-6-39. 

1.39 

17.7 

62 

1 

i 

1.14 

8.90 

29 

»» 

1.72 

22.1 

15 

I 

! 

1.16 

8.50 

50 

>> 

1.90 

21.1 


Mean 

1.22 1 

8.83 


Mean 

1.67 

20.3 

10 1 

22-6-39. 

1.23 ! 

7.25 

7 

22-6-39. 

1.55 

12.3 

49 

>> 

1.52 

12.50 

23 


1.15 

11.8 

'71 

»> 

1.48 

11.25 

39 

*» 

' 1.75 

16.9 


Mean 

1.41 

10.3 


Mean 

* 1.48 

13.6 




The yields from plots treated with sulphate of ammonia were higher than 
those from the control plots sown on the same date. The plots sown on 22-6-39 re- 
sponded to^ a smaller extent to the application of sulphate of ammonia than in the 
other two cases. This was due to a reduction in the vegetative growth resulting 
in a decreased boll-production. The last-sown plots had, therefore, not profited by 
the application of the sulpate of ammonia to the same extent as the early-sown 
plots. 

An examination of the sections of leaves under the microscope in the cotton 
season of 1937-38 showed that the accumulation of starch in the mesophyll cells 
preceded the accumulation of “tannin.*’ It was also observed that there was very 
little accumulation of starch in leaves from the nitrogen plots, while starch and “tan- 
nin” were found in considerable amounts in the leaves of no-nitrogen plots. The 
starch contents of the leaves at dawn from some of the plots of the field experiment 
of 1938-39 were, therefore, determined, and it was found that while the starch content 
of the leaves of plants manured with sulphate of ammonia was negligible, the starch 
content of the leaves from the unmanured plots varied from 2 to 6 per cent, of the 
dry matter. 

[Hi) The Relation between “Tannin” Accumulation and otheb Minerals 

The accumulation of starch and “tannin” in leaves may not be a direct result 
of a nitrogen deficiency. These accumulations may be due to a deficiency of some 
mineral which was not absorbed by the plant in the required amounts as a result of 
shortage of nitrates in the soils. It is a well-known fact that the absorption of one 
ion was governed, amongst many other factors, by the availability of another ion. 
When nitrogen was added to the soil, other ions might have been absorbed in increas- 
ing or decreasing proportions, thus resulting in the non -accumulation of starch 
or “ tannin ” in the leaves. It was mentioned before that the addition of super- 
phosjjhate and jiotash to such soils did not either lessen the accumulation of starch 
and “tannin” in leaves or increase the yields. The deficiency of these minerals 
in the soil was therefore not indicated. It was possible, however, that their absorp- 
tion was limited by the low level of nitrates in the soils. 

In order to investigate this point, nitrogen, potash, phosphoric acid and lime 
contents of the leaves giving positive and negative reactions for “tannin,” i.e., 
of the leaves of plants from the control plots and from the plots manured with 
sulphate of ammonia were determined. The results are stated in Table VIII. 

Table VIII 


Mineral analysis of leaves giving a positive and negative test for ''tannin” [percentage 

expressed on dry matter) 




24th September 



20th October 


Treatment 



Phos- 




Phos- 



Nitro- 

gen 

Potash 

phoric 

acid 

Lime 

Nitro- 

gen 

Potash 

phoric 

acid 

Lime 

Control . . 

50 lb. N. at sow- 

1.71 

4.28 

0,421 

4.81 

1.31 

3.16 

0.310 

4.38 

ing time 

50 lb. N. at flow- 

2.85 

4.82 

0.481 

5. .32 

2.03 

4.09 

0.354 

5.32 

ering stage 

50 lb. N. -f 60 lb. 
N. (at sowing & 

2.63 

4.56 

0.453 

5.51 

1.79 

3.64 

0.328 

5.23 

flowering stages). 

2.98 

I 

4.58 

0.482 

5,32 

2.38 

4.18 

0.356 

5.26 
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A study of the results showed that thepotaidi and lime contents of the leaves 
of plots treated, with sulphate of ammonia were higher than those of the leavee 
of the control plots. There was thus an indication that the increased absorption 
of nitrogen by the plant was accompanied by an increased absorption of potash and 
Ihne. Similar trends were noticeable from analyses of leaves of plants made in the ' 
succeeding cotton* seasons. It remained, therefore, unsettled whether a deficiency 
of nitrogen or a deficiency of other minerals due to their non-absorption in soils 
deficient in nitrogen was responsible for the observed accumulation of starch and 
“tannin” substances in the leaves. 

The applications of potash, phosphorus or lime to light sandy soils were not found 
to improve either the opening of bolls or to increase the yields. The chemical 
analysis of the soils did not reveal any clear and constant differences between the , 
potash, lime and phosphoric acid contents of the light sandy soils where tirak occurred 
and of normal soils where these symptoms did not develop. 

The only conclusions that can be drawn are that the accumulation of “tannin” 
was found to begin when the nitrogen content of the leaves fell below a certain level 
and the accumulation of this substance could be prevented by applications of sulp- 
hate of ammonia. These conclusions held good only for 4F Punjab -American cotton. 
No such detailed study to determine the level of nitrogen in the leaves at which 
“ tannin ” began to accumulate had been made in the case of other commercial 
varieties of Punjab- American cottons, though the leaves of these cottons grown on 
light sandy soils gave the “ tannin ” reaction just like the leaves of 4F. The 
“tannin” reaction was also given by the leaves of desi cottons which did not suffer 
from tirak, 

(iv) Relation between “Tannin ” Accumulaton and Boll Production 

The application of sulphate of ammonia to other Punjab-American strains 
like 289P/4.3, 289F/ K25 and L.S.S., when the the “tannin” reaction was given by 
their leaves, were also found to prevent the development of tirak. The leaves of 
these strains remained green and healthy at the fruiting stage when the sulphate 
of ammonia was applied. The weight of seed cotton per boll increased, indicating 
better maturity of seeds, and high increases in yields were registered. In the case, 
of de^i cottons, which did not suffer from tirak, applications of the sulphate of am- , 
monia after the leaves had given the “tannin” reaction were found to increase 
yields but they had no effect on the weight of seed cotton per boll (i.e,, boll weight). 

The increase in the yields registered in Punjab-American cottons when 
sulphate of ammonia was applied to such light sandy soils was caused by an increase 
in the boll weight (i.e., weight of seed cotton per boll) as well as by an increase 
in boll number. Thus the prevention of “tannin” accumulation by the addition 
of nitrogen was associated with a better maturity of seeds and a greater boll pro- 
duction. More and more evidence accumulated, as work progressed, to show that 
“tannin” accumulation in leaves was associated with a reduction in boll number 
per plant rather than with the decrease in maturity of seeds, i.e., in boll weight. 
The application of nitrogen prevented the development of “tannin” in leaves and 
increased the meristematic activity of the plant which manifested itself in an 
increase in the number of nodes, flowers and bolls but they did riot produce any 
effect on the boll weight. The evidences to substantiate these results are enu- 
merated below : — 

(J) The applications of sulphate of ammonia, when “tannin” reaction, 
was given by the leaves of desi cotton, produced an increase in boll number which 
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€bloiie was responsible for the increase in yields as there was no effect on the boll weight. 
The bolls of this cotton did not show any immaturity of seeds on light sandy 
soils. 

(2) The light sandy ^elds where the above-mentioned experiments were carried 
out contained portions which had sodium clay or free soluble sodium salts in the 
subsoil. The “ tannin ” reaction was given by the leaves of the 4F cotton plants 
that had, come on such patches. Application of sulphate of ammonia to such 
patches had increased the nitrogen contents of the leaves which did not give the 
tannin ” reaction. There was also an increase in boll number per plant. There 
was, however, no increase in the maturity of seeds, i.e., there was no improvement 
in the boll weight. 

The salinity in the subsoil, as would be shown in Chapter V, was also found 
to be associated with immaturity of seeds, i.c. tirak and it was found that it could 
not be remedied by application of nitrogen. ^J"hus there was some direct relation 
between nitrogen content, “tannin** reaction and the meristematic activity in the 
cotton plant while the relation between the nitrogen application and better seed 
maturity on light sandy soils free from sodium salts appeared to be an indirect 
one. It will be shown in Chapter VII, that immaturity of seeds was associated 
with the low potash contents in the leaves and bolls of /im A; -affected plants on both 
types of soil and an increased uptake of potash by the plants treated with nitrogen 
on light sandy soils (Table S^III) was causing better maturity of seeds. 

(8) If the Tables VI and VII were closely studied it would be found that 
the application of nitrogen to the crop sown on 22nd June had increased the nitrogen 
contents of the leav(‘S but it had not further increased the weight of seed cotton per 
boll which was nearly the same as the weight of seed cotton per boll on plants 
sown on the same date but where nitrogen was not applied. Though the “tannin** 
reaction was given by the leaves of plants in the untreated plots, the weight 
of seed cotton per boll was as high as in the case of plants sown on 12th May and 
2nd Juno and treated with 50 lbs. of nitrogen. Better maturity of seeds had occurred 
ev(in when the “tannin” reaction was given by the leaves of 22nd June-sown crop. 
There was an increase in boll number in the crop sown on 22nd June in the presence 
of nitrogen but there was no further increase in the boll weight. Thus nitrogen 
application in the crop sown on 22nd June increased the nitrogen contents of leaves, 
prevented accumulations of “tannin** and increased the boll production but did not 
further increase the maturity of seeds. 

The following are, therefore, the main conclusions arrived at so far. The 
“ tannin ’* reaction was given by the leaves when the nitrogen contents fell below 
a certain level. This was accompanied by low meristematic activity. Applications 
of nitrogen prevented the accumulation of “tannin** in loaves, increased the level of 
nitrogen and other minerals, prolonged the meristematic activity of the plant 
which produced more flowers and bolls. The maturity of seeds appeared to ])e 
unaffected in the presence of “tannin.** 

The relation of “ tannin ** with reduced boiling appears to have a great bearing 
on the growth of cottons in general. Very preliminary work has revealed that the 
“ tannin ** reaction that was given by the leaves was not a special feature of cottons 
growing on light sandy soils in the Punjab. “Tannin” accumulations have been 
found to occur in other cotton varieties and in cotton plants grown on other types of 
soils like the black cotton soils. In fact the cottons in other parts of India gave very 



heavy reactions for “tannin.” Such heavy “tannin” reactions were not even given 
by the leaves of Punjab-American cottons in the Punjab. 

The leaves of different strains of upland cottons grown at different places in 
India were found to give the “tannin” reaction. The accumulation of “tannin” 
in the mesophyll cells was confirmed by microscopic examination of the leaves. The 
green leaves as well as the leaves which had changed their colour to brown and red 
gave the test. The leaves of upland cottons grown in Central India were found to 
give the “tannin” reaction when the plants were only few weeks old. The cotton 
plants in this area produce a small vegetative structure about 1 ft. to ft. in height. 
In all these cases immaturity of seeds in the bolls is not reported to occur. 

From the results discussed above and the numerous observations made on the 
crop, it is at present surmised that the accumulation of “tannin” in leaves gradually 
depresses the functional activities of the leaves, which later cease functioning and 
turn yellow and red. The depression in the functional activities of the leaves has an 
adverse effect on fruiting which is reduced. When the “tannin” accumulations in 
the leaves start at a very early stage, the vegetative growth is also affected. These 
conclusions are only tentative and require confirmation by further work. 

The low nitrogen content in 4F Punjab-American cotton was only one instance 
where “tannin” accumulation was found to be associated with another internal factor. 
The causes leading to such accumulations in other cottons in other tracts might be 
quite different. The important point is that once this substance accumulates in 
leaves, it very likely puts out of gear the metabolic machinery of the plant, resulting 
either in boll shedding or low bearing or leaf reddening or in some cases the suppres- 
sion in growth. It is, therefore, necessary to investigate the causes that eventually 
lead to formation and accumulation of “tannin” in leaves in different cottons grown 
under different soil and climatic conditions and to determine the effect it has on the 
growth, bearing and yield of the cotton plant. 

(v) Chemical Nature of the Substance givinu “Tannin” Reaction 

The chemical nature of the substance tentatively referred to as “tannin” is 
not finally determined and attempts are at present made to do so. It is provision- 
ally called “ tannin” on account of the black colour it gives with osmic acid (Fig. 4). 
Mitchell (1924) has given this reaction as a specific test for tannin but it is now found 
that this is not so. All substances containing polyliydric phenolic groups and un- 
saturated substances are capable of reducing osmic acid to a black compound. It 
is also known that amino acids like tyrosine and leucine give osmic acid reaction 
(Meyer 1931 ). Tannins give this reaction as they contain polyhydric phenolic groups. 
The only confirmatory test for tannin is its property to tan. An aqueous extract 
of the leaves of cotton is able to tan but the intensity of tanning was not found 
to increase on concentrating the extract. 

Further work has shown that two substances which are able to reduce the osmic - 
acid and form coloured compounds are extracted with water from the leaves. One 
of them gives a green colour with osmic acid while the other gives a black colour. 
In the invsestigations described above the word “tannin” or the phrase “tannin” 
reaction refers to the second type of substance that gives black colour with osmic 
acid. The presence of this substance in the mesophyll cells of the leaves indicates 
the beginning of metabolic disorder. In the Punjab it is found to be associated 
with a low nitrogen content in the leaves. 







Fia. 6 Photograph of a crop of 4F Punjab-American Cotton on a soil with a saline 
subsoil showing the drooping of leaves in September. 





CHAPTER IV 

TIRAK ON SOILS WITH SALINE SUBSOIL 

If the symptoms of tirak had been caused by nitrogen deficiency alone, on light 
sandy soils, the problem of determining the causes of tirak would not have turned 
out so very complicated. The problem of tirak was rendered complex as this disorder 
developed in the American cottons in the Punjab on account of two entirely different 
physiological causes of which one was nitrogen starvation and the other water 
starvation of the crop at the reproductive stage. This was an important instance 
where a plant produced immature seeds as a result of the physiological disorder 
developing in the plant on account of two different factors. 

Even though there was great similarity in the symptoms of tirak produced on 
account of nitrogen starvation and water starvation, observations on the crops 
showed that there was a marked difference between the two cases in the external 
symptoms exhibited by the leaves. This difference was neither noticed nor described 
previously in any of the departmental reports or published articles on the subject. 
If that had been done, it would have been of great help in this investigation. 

The distinguishing external symptom of tfio loaves growing on sandy loams 
which had subsoil salinity was the pronounced drooping of leaves in the months of 
September and October (Figs. 5 & 6). The leaves remained in drooping position 
throughout the day about one week after each irrigation. Irrigation temporarily 
revived the leaves but drooping position was assumed as soon as the upper surface 
of the soil lost its moisture. The leaves also turned dark and dull, lost fresh green 
and shining appearance and began to shed prematurely. There was no yellowing 
of leaves prior to shedding as was the case with leaves suffering from nitrogen starvation. 

Microscopic examination of leaves did not show accumulation of starch as in 
the (?asc of leaves from light sandy soils. On the contrary, the protoplasts of the 
cells had shrunk within the cells, showing loss of moisture from the vacuoles. There 
was no early accumulation of “tannins” in leaves of plants from some of those fields 
whore a deficiency of nitrogen did not occur. The problem was thus complicated 
as the leaves of all ^tmfc-affected plants did not show identical internal or external 
symptoms. The leaves of some firaAr-aftl cted plants showed large accumulations 
of “tannins” and starch while the leaves of other tirak-eiSooted plants did not show 
such inclusions in the cells. In some cavses of fimfc-affected crop the leaves had 
turned yellow while no such yellowing of leaves occurred in other similarly affected 
crop. 

Another complicating factor was the occurrence of both the types of soil con- 
ditions in the same field. The soils in such fields were light sandy deficient in 
nitrogen and the subsoil contained either sodium clay or free soluble sodium salts 
in the subsoil. In such cases the leaves turned copper or bronze coloured in Sep- 
tember and October. They also contained starch and though the application of 
sulphate of ammonia to such fields prevented the accumulations of starch and 
“tannin ” in the leaves which remained green at the time of fruiting, it did not in- 
crease the maturity of seeds. The main sympton^ of ‘bad opening* of bolls was 
thus not remedied as in the case of tirak on light sandy soils deficient in nitrogen. 
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Tirah was thus caused by (1) nitrogen deficiency, (2) by water shortage at the 
fruiting stage, and (3) hy both causes operating together in the same field. These 
causes had to be differentiated in the fields before a right understanding of the symp- 
toms and the causes of tirat could be attained. 

(i) Physical and Chemical Properties 
(a) Sandy loams with soline subsoil 

During the early stages of the soil investigation it was discovered that the soils 
where tirak appeared were alkaline in reaction varying from pH 9.2 to 9.8. The soils 
under normal plants were not so very alkaline in reactions, the pH fiuctuating bet- 
ween 8.0 to 8.4 but such differences in the pH between the soils where normal and 
^imfc-affected plants were observed, held good in some oases but not in others. The soil 
reaction was in the neighbourhood of pH 8.2 even when tirak was present (Table IX). 

Later it was discovered that though the subsoil under ^imfc-affected crop was 
not alkaline there were present abnormal amounts of total soluble solids in such 
soils indicating the presence of neutral sodium salts (Table X). This led to the 
determinations of total soluble solids in the soils from normal soils and from soils 
where tirak occurred (Table X). A complete analysis of the soluble salts, foot by 
foot, showed that the soils where tirak appeared had a subsoil with abnormal amounts 
of soluble chloride, sulphate and bicarbonates as compared with the quantities 
of these salts present in the subsoil where normal plants grew. The abnormal 
amounts of sulphates, chlorides and bicarbonates were present from either the 3rd 
or the 4th foot downwards. In some cases there were also present small amounts of 
sodium carbonate, while sodium carbonate was absent in other cases. This explained 
the fact that the subsoils under hVaifc-affected plants were more alkaline in reaction 
in some cases than the subsoils tinder normal plants but this difference did not hold in 
other cases. 

The mechanical analysis of the soils under two types of plants showed that the 
sand fraction decreased while the clay and silt fractions increased in the subsoil 
from above downwards where tirak had occurred but that again was not found to be 
a common characteristic of the soil where -affected crop occurred. 

A field measuring about one acre was selected for an intensive study of the soil 
conditions as tirak was found to be present in patches in that field in the cotton season 
of 1936. The patches bearing tirak-aSected plants and normal plants were found 
irregularly distributed over the whole area. The field was, therefore, divided into 
48 small jdots of 1 /80 acre each and the soil samples were collected from these plots 
up to a depth of six feet. The soil samples were analysed for total soluble salts, 
physical structure, pH, and soluble and exchangeable calcium and sodium. The 
cotton was sown in these plots in 1938 season and detailed observations on the con- 
dition of the crop were made all throughout the season. It was found that the nor- 
mal condition of the crop was generally associated with the absence of sodium 
salts and tirak condition with the presence of soluble sodium salts in the subsoil 
(Fig. 7). It was sometimes found that normal plants occurred in one portion of a 
plot while tira^-affected plants occurred in another part of the same plot. So, fresh 
soil samples wore collected to see the condition of the soil under each type of crop 
and the above-mentioned relationship was found to exist. The intensity and the 
spread of tirak was also found to vary in these plots in different years. In cotton 
season of 1938 tirak appeared in a less intense form and was on a smaller area than 
in 1939. The reasons for this difference in the intensity and the spread of tirak in 
the same field in the two seasons are discussed in Chapter XI. 
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Table IX. 

Physical d> Chemical properties of soil under normal and tirak-affected plantsJ^ 
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TiraJfe (sandy loam) 

tt 

p. 

8.3 

8.5 

8.7 

8.3 

8.4 

8 7 

9 1 

9.1 

9.0 

9.0 

9.0 

8.8 

Total 

solids 

% 

0.059 

0.058 

0.132 

0.315 

0.363 

0.517 

1.157 

0.766 

0.434 

0.424 

0.402 

0.386 

Sand 

/O 

54 

52 

43 

39 

36 

35 

30 

21 

28 

20 

12 

21 

Silt 

0/ 

/O 

22 

20 

27 

28 

28 

30 

25 

30 

30 

35 

35 

41 

Clay 

% 

19 

27 

30 

32 

35 

34 

40 

39 

32 

35 

40 

27 

Normal (light sandy) 

W 

p. 

8.5 

8.4 

8.3 

8.4 

8.3 

8.4 

8.2 

8.3 

8.2 

8.3 

8.2 

8.2 

Total 

solids 

% 

0.043 

0.037 

0.041 

0.040 

0.046 

0.036 

0.029 

0.026 

0.027 

0.025 

0.031 

0.030 

Sand 

% 

68 

66 

65 

61 

54 

59 

77 

84 

85 

83 

85 

83 


15 

15 

18 

19 

23 

21 

11 

8 

3 

8 

6 

8 

Clay 

% 

15 

15 

15 

16 

15 

11 

8 

5 

5 

5 

4 

4 

Tirak (sandy loam) 

p. 

8.3 

8.3 

8.1 

8.1 

8.5 

8.2 

8.3 

8.6 

8.6 

8.0 

8.5 

8.5 

Total 

solids 

0/ 

/o 

0.053 

0.053 

0.206 

0.332 

0.250 

0.241 

0.630 

0.552 

0.492 

0.215 

0.061 

0.073 

Sand 

% 

53 

48 

47 

42 

41 

35 

25 

22 

22 

59 

87 

89 

- 


Clay 

% 

23 

27 

26 

26 

26 

26 

28 

22 

19 

11 

5 

5 

Normal (sandy loam) 

a 

Pt 

8.3 

8.4 

8.4 

8.3 

8.4 

8.3 

8.3 

8.6 

8.7 

8.8 

8.8 

8.8 

Total 

solids 

% 

ssssssiisssy 

000000000000 

dddodooddddd 

Sand 

% 

63 

59 

58 

57 

50 

36 

32 

49 

82 

85 

89 

90 

sat 

% 

20 

22 

21 

22 

25 

30 

87 

28 

8 

6 

4 

4 

Clay 

% 

16 

18 

19 

19 

19 

21 

18 

15 

7 

6 

4 

4 

Depth 

in 

feet 

1 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

12 
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The above mentioned facts were again and again confirmed from fields in the 
different cotton growing districts in the Punjab where tirak was observed in the 
cotton seasons of 1937, 1938 and 1939. One foot soil samples upto a depth of six 
feet from Sarghoda, Montgomery, Multan and Lyallpur districts were collected 
where tirak-sSected or normal crop was found to be present. From each tirak- 
affected patch which may vary in area from place to place, three to six bores were 
taken. On analysing the samples it was found that at some places the soils of all 
the three bores from a tirak-affeGted patch contained abnormal quantities of soluble 
sodium salts in the subsoil. From the results tabulated below it will be seen that 
the total soluble salts were above normal from either the 3rd, 4th or the 5th foot 
downwards (Table X). 

T4BLE X 

Total solvble salts in the three bores of tirak-a^ected 'patches [in gm. per 100 

'grama of soil) 



Khanowttl Boro No. 

Montgomery Bore No. 

1 Sargoclha Bore No. 

Depth 
in feet 

1 ^ 1 

11 1 

111 

1 

1 1 

T 

j 

“ i 

TIT 

1 , 

1 

1 n ' 

III 

iHt ft. 1 

0.049 

1 

' 0.044 i 

1 i 

1 0.046 

1 

0.057 1 

0.060 

0.044 j 

0.064 

0.067 t 

0.088 

2iid „ I 

0.045 

0.100 

i 0.057 1 

0.002 

1 0.056 

0.047 

0.058 

0.056 1 

0.057 

3rcl „ 

0.049 

0.146 

0.052 1 

1 0.1641 

1 0..382 ! 

0.059 1 

0.147 

1 0.082 

1 0.074 

4th „ 

0.140 

0.133 

0.083 ! 

0.175 1 

1 0.439 

0.066 i 

0.235 

0.061 

0.081 

6th „ 

0.479 

0.140 

0.166 1 

0.513 

! 0.303 

0.056 

0.304 

1 0 . 1 54 

0.109 

6th „ 

0.310 

1 

0.160 

1 

0.306 

0.444 

1 0.229 

0.054 

0.242 

j 0.175 

0.288 

1 


It was also found that two bores out of three within a small tirak-Sb^GGied patch 
of about 1/12 of an acre or less contained slightly more than normal quantities of 
soluble salts while the third boro contained abnormal amounts of tot al salts. This 
was an important fact which led to the understanding of the greater spread of tirak 
in certain years (failure years) than in others (normal crop years). 

It was pointed above that when the soluble salts were high or abnormal they 
wore propondorantly sodium salts while calcium salts were in smaller proportions 
than sodium salts. A large number of determinations of sodium and calcium were 
made in the water extracts of soils from tirak-a&GGted and normal patches and in all 
cases soluble sodium was found to be in larger amounts than calcium (Table XI), 

Table XI 

Soluble calcium and sodium in soils under 'normal a'nd tirak-affected crops 


Depth 
in feet 

Tirak 

Normal 

Tirak 

Normal 

Sol. sod. 

% 

Sol. cal. 

% 

Sol. sod. 
% 

Sol. cal. 
% 

Sol. sod. 
% 

Sol. cal. 
% 

Sol. sod. 
% 

Sol. cal. 

% 

1st ft. 


OH 

0.003 

0.011 



0.004 

0.009 

2nd „ 


1 oS 

0.006 





0.012 

3rd „ 

0.042 

1 OH 

0.006 




0.002 

0.010 

4th „ 

0.066 

^R 1 OH 

0.007 

0.010 

0,162 


0.002 

0.010 

6th „ 

0.106 

^R 1 1 JHi 

0.006 


0.126 

0.008 

0.003 

0.009 

6th 

0.126 

^R 1 1 1 

0.008 

0.010 

0.130 

0.004 

0.006 

0.016 
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A study of the exchangeable bases of soils of tirak-aSecied and normal patches 
revealed that in some cases the conversion of calcium clay to sodium clay in the 
subsoil of affected patches had occurred while it was not so in other cases 
even though soluble sodium was found to be in higher amounts than soluble calcium 
(Table XII). In the case of non-saline soils exchangeable sodium was nil or negli- 
gible and soluble salts were mostly calcium salts. It may be pointed out that in the 
following results the values of exchangeable sodium with potassium are giv en but sepa- 
rate determinations of exchangeable potassium revealed that it always fluctuated 
between 0.2 to 0.5 milliequivalents per 100 grams of soils in normal soils and in soils 
where tirak occurred. So when the combined value of exchangeable sodium and 
potassium was higher than 0.5 m.e. it was surmised that the remaining quantity 
represented exchangeable sodium alone. 

Table XII 

Solvble and exchrngeable sodium and calcium in soils under tirak-affected and normal 

crojps 

(a) Tirak 


Depth in 
feet. 

% total i 
solids 

% sol. 1 
Na. 

% sol. 

Ca. 

Exoh’ble 

Na.+k 

m.e. 

Exch’ble 

Ca. 

m.e. 

% total 
solids 

% sol. 
JNa 

% sol. 
Ca. 

Bxch’ble 

Ka.+k 

m.e. 

Kxch'blo 

Ca. 

m.e. 

iBt foot 

0 063 

0.003 

0.008 

1.05 

9.4 

0 037 

0.003 

0.008 

0.9 

9 8 

2nd,, 

0,058 

0.008 

0.007 

0.88 

11.2 

0.070 

0.029 

0.006 

1.1 

11.6 

3rd „ 

0.147 

0.014 

0.005 

2.12 

9.2 

0.497 

0.148 

0.047 

Nil. 

11.2 

4th „ 

0.235 

0 050 

0.004 

3.00 

7.21 

0.583 

0.155 

0.039 

}y 

9 2 

5th „ 

0 304 

0 062 

0.008 

2.12 

6.8 

0.581 

0.167 

0.029 


7 8 

6th 

0.242 

0 000 

0.005 

1.35 

1 

6 0 

0.375 

0.118 

0.013 

4.2 

5.6 



Sargodlia 

(b) Normaj 

L 


Montgomery 


1st foot 

0.055 

0.003 

0.014 

0.60 

10.6 

0.080 

0 003 

0.010 

0.8 

0.6 

2nd 

0.063 

0.003 

0.012 

0.48 

12.4 

0.098 

0 002 

0.009 

0.8 

7.0 

3rd „ 

0.068 

0 003 

0.015 

0.54 

13.4 

0.086 

0.001 

0.008 

0.6 

7.6 

4th „ 

0,058 

0.003 

0.013 

0.65 

13.4 

0.094 

0.002 

0.009 

0.4 

8.4 

5th „ 

0.067 

0.004 

0.015 

0.48 

12.6 

0.098 

0.001 

0 008 

0.6 

8.4 

6th „ 

0.067 

0 003 

0.013 

0.43 

10.3 

0.094 

0.001 

0.008 

0.6 

7.2 


• Exchangeable potassium is generally 0.2 to 0.5 m.e. per 100 grams of air dry soil. 


The degree of sodiumisation of clay, i.c., the amount of exchangeable sodium 
was not found to bear any relation to the total soluble sodium salts present. In 
many cases even though the total soluble sodium salts were very high the exchange- 
able sodium in the clay complex was low while the quantity of exchangeable sodium 
was high in soils containing lesser amounts of soluble sodium salts. 

Thus the soils where tirak appeared were found to contain abnormal amounts 
of total soluble solids in the subsoil from the third or the fourth foot downwards. 
The soluble solids contained larger quantities of free sodium than calcium. In 





some oases sodium had replaced calcium in the clay complex, while in other casea 
similar base exchange had not taken place even though &ee sodium was found to 
be in excess of calcium. 

It was pointed above that (see Table X) out of three bores taken on a patch 
where tirak had occurred one bore showed abnormal amounts of total salts while 
the remaining two bores contained slightly more than the normal quantities of these 
salts. The total soluble salts were found to vary from 0.1% to 0.16% in all the 
layers of the soil. When these soil samples were further analysed it was found that 
even though the total salts were not abnormally high there were present larger 
amounts of soluble sodium than calcium (see Table XIII). 

Table XIII 

Soluble sodium and calcium in two soils of low sailnity in the subsoil 


Depth in feet 

Total 
soluble 
salts % 

Soluble 

sodium 

/o 

Soluble 

calcium 

% 

Total 
soluble 
salts % 

Soluble 

sodium 

% 

Soluble 

calcium 

% 

Ist foot . . 

0.079 

0.003 

0.007 

0.078 

0.003 

0.007 

2nd 

0.073 

0.003 

0.007 

0.066 

0.003 

0.006 

3rd „ 

0.074 

0.005 

0.008 

0.054 

0.004 

0.005 

4th „ 

0.095 

0.010 

0.006 

0.060 

0.008 

0.004 

5th „ .. 

0.110 

0.016 

0.008 

0.060 

0.010 

0.006 

6th „ . . . . 

0.106 

0.018 

0.007 

0.072 

0.013 

0.006 


Joseph (1925), working on the soils in the Sudan had also reported the presence 
of high concentration of alkali salts in the 3rd and the 4th foot. The concentration 
of alkali salts which, according to him, consisted mostly of sulphates and carbonates 
was about 0.3% to 0.4% while in the first and the second foot it was less than 0.1 %. 
The main differences between the soils in the Sudan and the soils in the Punjab were in 
their clay contents, and pH. The clay content in Sudan soils was shown to be 
about 55% and the pH about 9.3. The sameauthor tried to show that the salt contents 
were inversely related to yields but an examination of his results did not justify 
that conclusion. Some of his ‘high yield* plots showed high percentage of salts 
while some ‘low yield* plots showed low percentage of salts. It was, therfore, 
likely that the soils in the Sudan were as heterogenous as they were in the Punjab 
and the soils with low and high salinity were intermixed. 

The development of tirak on soils with saline subsoil was also found to depend 
on other soil conditions, the most important being the physical texture of the soil. 
High salinity in the subsoil in a light sandy soil produced the worst form of tirak 
as the toxic effect of sodium salts on the roots was very high under such conditions. 
In light sandy soils smaller amounts of sodium either in the soluble or exchangeable 
form were found to produce a ftral;-affected crop while in heavier types of soils tirak 
did not occur under similar conditions (Dastur and Samant, 1942). 




Similar observations have also been made by Harris (1915, 1920), Headley 
Curtis and Scofield (1916), Breazeale (1927), Harris and Pittman (1918), Hibbard 
(1925) and Kearney and Scofield (1936). Kearney and Scofield (1936) found 0.2% of 
total salts toxic to alfalfa in sandy soils while larger amounts were ne^ed to produce 
toxic effects in loamy soils. 

The toxio effect of sodium chloride on the growth of citrus trees has also been 
recorded by Hilgard (1906) andNeidig and Magnuson (1924). Theron (1937) found 
that sudden defoliation of citrus trees was caused by the presence of alkali salts in 
the soil. The deleterious effects exerted by these salts were due to their effect on 
the physical structure of the soil. Voolcker (1916) had also found that sodium 
chloride was most toxic to wheat when present in concentrations of more than 0.2%. 
It will be shown in Chapter VI that sodium chloride in high concentrations develo- 
ped tirak symptoms in the cotton plant. 

The salt tolerance of/a plant was also influenced by temperature. Ahi and Pow- 
ers (1938) have found that at high temperatures salts tolerance of grasses and legu- 
mes decreased while their resistance to salts increased at low temperatures. The 
relation between salinity, temperature and tirak in the American cottons in the 
Punjab is discussed in Chapter XI. 

(6) Light Sandy Soils 

The soils where the crops showed symptoms of nitrogen starvation were found 
to be light sandy contaning a large proportion of sand varying from 55 to 70%. The 
percentage of clay in such soils was found to vary from 8 to 12%. The subsoil was 
non -saline containing normal quantities of soluble salts which were mostly salts of 
calcium, while sodium was present in negligible amounts either in the free or the 
exchangeable form. On this type of soil, plants made normal growth up till August 
when the leaves began to turn yellow and were shed. The bolls were few and small 
containing some immature seeds. Generally the number of seeds per boll was also 
lower than normal. Application of sulphate of ammonia to such soil was found to 
remedy tirak. The relation between nitrogen deficiency and the ‘bad opening’ 
of bolls has already been discussed in Chapter III. 

It was found that fields with such light sandy soils deficient in nitrogen contain- 
ed patches which had high pH (8.5 — 8. 9) or small amounts of exchangeable sodium 
in the subsoil. In some cases the soluble salts though normal in quantities contained 
more of sodium salts than of calcium salts. Such patches of saline subsoil were 
found irregularly scattered about in light sandy fields. Atone place a big or a small 
patch was found to contain sodium clay or abnormal amounts of soluble sodium 
salts in the subsoil while soil surrounding such a patch may have normal subsoil. 
Such intermingling of normal soil (light sandy ) with soils with a high pH or with 
sodium clay in the subsoil or with abnormal amounts of sodium salts in the subsoil 
within a small area was of common occurrence. The detailed study of the crop, 
the analysis of the soil underneath, the effect of the application of ammonium 
sulphate on the plant growth, the chemical analysis of the leaves and the ^‘tannin’’ 
reaction of the leaves, disclosed the nature of the soil conditions that were associated 
with tirak due to salinity in one case and due to nitrogen starvation in another case, 
Sulphate of ammonia was found to produce beneficial effect on the vegetative 
growth of the plants but was not found to have ameliorative effect on the opening 
of the bolls if light sandy lands were saline in the subsoil. 
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From what ha« been stated above it was necessary to distinguish tirak or *bad 
opening’ that oooured on soils with saline subsoil from tirak caused by a deficiency 
on nitrogen. It is possible, by examinmg the crop in the fruiting stage, to know 
pretty exactly if the symptoms of tirak were caused by a deficiency of nitrogen in the 
soil or not. Application of “tannin” test was another rapid method of knowing the 
deficiency of nitrogen as explained in Chapter III. Similarly high concentrations 
of sodium salts in the subsoil could be known by the drooping leaves of the crop 
on such soils. 


(ii) Hints For Collecting Soil Samples 

It is necessary to point out that mere collection of soil samples and analysing 
them would not give any clue to the above established relationships between tirak 
and soil conditions. It was not enough to be told by a zamindar that tirak had 
occurred in such and such a field . On account of the great heterogeneity that existed 
in the soil it was absolutely necessary to make sure of the exact spots where tirak had 
Occurred. It was necessary to take a number of bores oven after the spot was lo- 
cated, as the salinity in the subsoil was so variable. Many a time, crops which were 
inadequately irrigated also showed shedding of leaves and ‘badly opened’ bolls. 
They should not bo mistaken for tirak which occurred under saline conditions. Lack 
of cultivation may also i)roduce ‘badly opened’ crop. 

It was also noticed that light sandy soils deficient in nitrogen occurred at one 
end of a strip of land measuring 2 acres while soils with a very heavy and saline sub- 
soil occuired at the other end. In one square of land {i.e., 25 acres) all types of soil 
conditions may be found. It was such intermingling in a small area of normal soil 
and soil where tirak developed that obscured the soil conditions associated with 
tirak. In a year of favourable season, the cotton crop in a field may show tirak 
pnly on patches which have a highly saline subsoil while the crop may be normal in 
the remaining paits of the field. Consequently tirak was not readily noticeable even 
though it was there. But tirak became noticeable when adverse weather condition? 
caused it to spread on the portions of the fields where a medium or low salinity 
existed in the subsoil. If the soil samples are taken in such a year, it is possible 
the analysis may only show low salinity in the subsoil and a conclusion may be drawn 
that there was nothing abnormal. 

{Hi) Methods used in soil analysts 

Estimation of Exchangeable Calcium and other Cations in soils : Puri, A. N. 
0936) Soil Science, 42 ; 47. 

Estimation of Replaceable Na and K, etc., : Puri, A. N. (1935) Soil Science, 
40 ; 249. 

Estimation of Potassium: Milne, G. (1929) J. Agric. Sc. , 19 ; 541. 

Mechanical analysis : Dispersion and stability of soil in water ; Puri, A. N. 
and others, Part II, Memoir Irri. Res. Inst., Lahore. 

Determinaiion of soluble Calcium : Standard oxlate method. 

Determination of soluble sulphates: Barium sulphate method standard. 

A New method of estimating Carbonates in soils: Puri, A. N. (1930) Agrio. 

Res. Inst. Memoir. 



CHAPTER V 

j 

GEOWTH STUDIES ON TIBAK-AEFECTED CROP 

The Pun jab- American cotton plants showing the symptoms of tirak grew 
normally up to the reproductive stage when the leaves either began to turn pala 
green and yellow on fight sandy soils deficient in nitrogen, or assumed drooping 
position on the soils which had high concentrations of soluble sodium salts in the 
subsoil. It was probable that the disordei in the metabolic processes of the plants 
on these two types of soils might be setting in at a much earfier date than the date 
of the appearance of these symptoms in leaves. It was assumed that the growth 
studies might reveal the time when such metabolic disorder actually occurred. The 
determination of the relative growth rate, the net assimilation rate, the percentage 
increase in dry matter and the percentage distribution of dry matter in different 
organs of the plants growing on such soils might indicate the stage at which the 
plants began to deviate from the normal course in their metabolism. Though the 
growth of the cotton plant has been studied before in different countries, such a 
study for the Punjab-American cotton was necessary on account of the development 
of tirak symptoms on two different types of soils. Such a study was, therefore, 
undertaken on the cotton plants grown on four different types of soils, viz., (a) 
normal sandy loam, (h) sandy loam with saline subsoil, (c) light sandy soil with 
nitrogen deficiency and (d) light sandy soil with nitrogen deficiency and with saline 
subsoil. The relative growth rate was determined by the dry weight method 
employing the formula: 

R.G.R.=Loge W 2 — Loge Wi and the net assimilation rate by the formula 

Ii2 — 

represented the total dry weights of the plant at two successive stages of 14 days^ 
interval, and Li and L 2 represented the dry weights of leaves per plant on the same 
dates. (Gregory, 1926), 

{i) Gbowth Trends in Normal and T/JJAA^-Affbcted Plants 

The detailed study of the growth trends for three years revealed that there 
were no major differences in the growth trends of plants on the four soil types. 
There was a depression in the relative growth rate and in the net assimilation rate 
in the months of August and September on sandy loams with saline subsoil (Fig 8.) 
This depression might have arisen as a result of the plants suffering from a water 
deficit at that stage on account of the inability of the roots to absorb enough moisture 
to meet their requirements. 

On light sandy soils the relative growth rate and the net assimilation rate were 
higher in the early stages of growth than in the normal sandy loams. These higher 
rates might be due to the vigorous growth made by the plants no light sandy soil 
which promoted extensive root development. But the limiting influence of the 
nitrogen factor became visible in the growth curves in September and October 
when relative growth and the net assimilation rates became lower than those of 
the plants on normal sandy loam (Fig. 8) 

The maximum percentage increase in dry matter occurred generally by the 
middle of September on all types of soils except on sandy loams with saline subsoila 




Fig 8 The relative growth rate, the net assimilation rate, the percentage increctse in 
dry weight and the percentage distribution of dry matter in the different parts, of 4F Punjab- 
American Cotton plants on four different soil types ; normal sandy loam, saline sandy loam, 
light sandy and saline sandy. 

where no definite maximum was visible. The curve for the latter type of soil was very 
OTegular as the crop suffered from a water deficit between two successive irriffations 
(Kg. 8). ^ ^ 

When the percentage distributions of dry matter in the different organs of the 
plants on the four types of lands were studied it was found that the percentage of 
dry matter in the boUs was higher on normal sandy loam than on the other three 
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^oils where tirah occurred. Another important difference was in the distribution 
bf dry matter in the stems and leaves. On sandy loams the stems contained more 
jpercentage dry matter per plant than the leaves, while on light sandy soils there 
Vas more dry matter in the leaves than in the stems {Fig. 8). 

; (ii) Growth Studies of the Bolls 

I The percentage dry matter of tirak-affected bolls as compared with the 
percentage dry matter in the bolls of normal plants indicated that the growth of 
polls on tirak-affected plants did not proceed normally. A study of the growth 
of bolls at weekly intervals by the dry weight method on normal and two types of 
^oils where tirak occurred was, therefore, considered necessary. A normal field, 
a sandy loam field with a saUne subsoil and a field with light sandy soil were se* 
^ected for this study. About 5000 fiowers in each of the three fields were tagged 
in the last week of September when the peak in the fiowering phase occurred. The 
weekly determinations of the dry weights of bolls from setting up to maturity 
were made. In the early stages of boll development 200 bolls were taken and this 
number was gradually reduced to 50 in the latter stages of development. The dry 
weights of carpels, lint and seeds were determined separately. 

The growth of the bolls was found to cease 28 days after setting on the two types 
of soils where tirak occurred, while on normal soils the increase in the dry matter of 
the bolls continued up till 49 days (Fig. 9a). The dry weight of a tirak-affected 
boll was found to bo nearly two- third the dry weight of a normal boll. Thus the 
growth of the boll of tirak affected plants generally ceased* after the 4th week of 
its development, while the growth continued for seven weeks on normal soils (Fig. 
9a.) Tirak condition was, therefore, preceded by the inhibition of the growth of 
bolls. If the dry weights of carpels and seeds were separately considered the same 
conclusions were arrived at (Fig. 9b and c.). The growth of the carpels and the seeds 
in tirak-affected plants ceased after the 4th week of development. The course of 
development of the lint was, however, different from that found in the case of the 
carpels and the seeds. The lint in tirak-affected boll continued to grow and to 
add to its dry matter even after the carpels and seeds had ceased to grow. The in- 
crease in the dry weight was small and was sufficient only to counteract a small 
fall in the dry wieght of the carpels that was noticeable in tirak-affected bolls after 
the 4th week . The dry weight of the lint of normal bolls was higher at all stages 
of development than dry weight of the lint in firak-affected bolls (Fig. 9d). 

When the weekly dry weights of bolls were calculated as percentages of the total 
dry weight it was found that the maximum percentage increase in the dry weight 
occurred during the second week of development (Fig. 10). Tirak-affected bolls later 
showed a rapid fall in the percentage increase in dry matter. This was expected 
as the growth was inhibited in tirak-affected bolls from the 6th week while it 
continued up to the 7th week in normal bolls. 

The relative amounts of percentage dry matter in the different parts of a boll 
were different in the normal and tirak-aSeoted bolls. The seeds contained the 
maximum percentage dry matter in normal bolls, while the carpels contained the 
maximum percentage diy matter in iirak-affeoted bolls. 

Not only was the dry weight per boll higher in normal soils than the dry weight 
per boll in the other two soils types where tirak occurred, but the size of the boll was 
also bigger in the former than in the latter. The volume, the length and the dia- , 
meter of the bolls from tirak^affeoted and the normal plants were determined at 
weekly intervals. It was found that the maximum volume of normal boll registered 
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In the 5th week of development was 14.06 o.o. as compared with the maximum 
volume of 9 c.o. of the <imA;-affected boll which was registered in the 4th week. 
90% of the total volume of the boll was attained in the first three weeks, as this was 
the most'aotive period of boU development. During the later stages of develop- 
ment there was a decrease in volume as the bolls began to lose moisture and become 
dry. (Dastur and Ahad, 1944.) 

Though the volume and the dry weight of the bolls from normal plants were 
higher than those of the bolls from <iraA;-affected plants, the density, ^.e., the mass 
per unit volume was the same in all cases. In fact the density of firafc-affected bolls 
was slightly higher than the density of normal bolls. This may bo duo to the diffe- 
rences in the total volume of air (empty space) in the normal and ^irafc-affected 
bolls. 

The bolls from normal plants were found to contain nearly 91% of the fully 
mature seeds while the bolls from tirak-&Sected plants contained only about 30% 
to 36% of fully mature seeds. The total number of seeds per boll varied from 30 
to 35 on normal soils, while on saline sandy loams and light sandy soils the number 
of seeds per boll varied from 17 to 25. 

It was clear that, on the two types of soils, where tirak occurred, the growth 
of the bolls ceased after four weeks and the weight and the size of the bolls were 
lower than those of the normal boll. The total number of seeds and the percentage 
of mature seeds were also relatively low in aft acted bolls. 

The above mentioned facts regarding the differences in the boll development 
were again confirmed in another cotton season. For detailed rovsults reference may 
be made to the paper published by Dastur and Ahad (1944). 

The differences in the boll development on normal soils and on soils with saline 
subsoils applied to fields where tirak occurred in all seasons irrespective of weather 
conditions. These may be called permanent affected fields or patches under 
normal irrigations. Tirak, however, occurred on wider areas and in an extreme 
form during certain years. The climatic conditions which promoted the spread 
of tirak on extensive areas arc discussed in another Chapter. In such years this 
‘disease’ spread to soils wliich had low or medium salinity in the subsoil and where 
it did not appear under favourable conditions of weather. Examination of the bolls 
in such tirak years indicated that the bolls three to four weeks old were mostly affected 
as they apparently ceased growing. Once the growth stopped the bolls were not 
shed in the Punjab -American cottons as they did in desi cottons but they remained 
on the plant in that stage of development, and began to lose moisture and crack in 
the 5th or the 7th week after setting, with immature seeds and weak lint. It was 
very often noticed that all tirak-aSected bolls were located on the topmost parts of 
the fruiting branches where they were exposed to direct sunlight, while tlie bolls 
which were situated on the lower nodes and which were protected by leaves, opened 
normally with all the seeds fully developed. 

In the foregoing pages the trends in the growth of plants on different soil types 
were discussed but no reference had boon made to the actual growth made by tirak- 
affected plants as compared with the growth made by normal plants. It was impor- 
tant to know the difference in the actual growth made by the plants on tlie different 
soil types. 
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{in) Growth of Normal and TIRAK-kevi^mm) Plants 

Light sandy soils were of two types. In one case the subsoil was normal and non- 
saline, while in the other case the subsoil either contained sodium clay or high con- 
centration of soluble sodium salts. In the first type of soil, the application of sul- 
phate of ammonia would remedy tirak and this has already been discussed in Chapter 
III, but the application of sulphate of ammonia on the second type of light sandy 
soils would not take effect on account of salinity in the subsoil (Chapter X). It 
was, therefore, necessary to determine the growth made by plants on the two types 
of light sandy soils. 

Twenty plots of 1 /66 acre each were selected in a field with light sandy soil 
where the subsoil was normal in one portion of the field and saline in the other. Ten 
plots had normal subsoil while the remaining 10 had saline subsoil. Out of 10 plots 
of each type 5 plots were manured with sulphate of ammonia at the rate of 60 Ib.N. 
per acre. 

A number of observations were regularly recorded on the crop. Height measure- 
ments of 10 plants and the dry weight determinations of stems, leaves and fruiting 
parts of 6 plants were made at fortnightly intervals in each one of the 20 plots. 
Similarly the number of bolls and the boll weight (i.e., weight of seed cotton per 
boll) were recorded in each plot to assess the amount of tirak. The choice of plants 
was perfectly random. Yields of seed cotton per plot were also collected. 

The data collected were subjected to statistical treatment by employing Fishers’ 
method of analysis of variance to see if the differences in the morphological cha- 
racters found in the plants on normal light sandy soil and on saline light sandy 
soil were significant or not. The main conclusions are summarised in Table XIV, 
which gives the analysis of variance and the main effects of treatments in relation 
to the different characters with appropriate standard errors. 

Table XIV 


Analysis of variance 


! 

Due to 

1 

D.F. 

Height per plant 
in cm. 

Dry weight per 
plant in gin. 

No. of bolls 
per plant 

Weight of seed 
cotton per boll 
in gm. 

Yield of seed 
cotton In lb. 
per plot 

Vari- 

ance 

j F. 

Vari- 

ance 

F, 

Vari- ^ 
anco 

F. 

Vari- 

ance 

1 

1 

Vari- 

ance 

F. 

Soil.. 

1 

! 981.40 

10.31 

1 

27,676 

7.68 

3.78 


1.5401 

46.81 

301.86 

** 

28.75 

Nitrogen 

1 

807.72 

8.49 

14,905 


635.06 

•* 

29.45 

0.0616 

.. 

368.70 

•• 

34.16 

SoU X 
Nitrogen 

1 

67.46 


4,867 


2.38 


0.114 


102.60 

9.77 

Error 

16 

95.15 

1 


3,602 


21.56 


0.0329 


10.50 

•• 


Main effects 



Height 

Dry Weight 

Boll No. 

BoU Weight 

Yield 

Normal Sub- 
soU . . 

Saline Subsoil . . 

Difference 

S. Ed. 

113.2 1 

99.2 

14.0 

4-4.36 

488.3 

363.9 

74% 

±26.S 1 

31.0 

31.0 

—0.9 

+2.07 

2.11 

1.56 

0.55 

+0.081 

25.56 

17.79 

7.77 

+1.46 

1 ”■ 



The results showed that the height per plant, the total dry weight per plants 
the boll weight and the final yields were all significantly depressed on soils with 
saline subsofi, while there was no difference in the number of bolls produced per plant. 
Sulphate of ammonia had significantly increased the height, the number of bolls 
and the final yields, but its effect on the dry weight and boll size came out insigni- 
ficant. The addition of nitrogen increased the boll number on light sandy soil with 
saline subsoil but it did not increase the boll weight, t.e., did not ameliorate 
tirak. 

As nitrogen had behaved differently on the two soils in the case of yields, the 
interaction of soil type with nitrogen was significant. There was a greater increase 
in yield on account of nitrogen application on normal light sandy soil than on light 
sandy soil with a saline subsoil. 

Similar growth data were collected in a field with sandy loam soil whore scattered 
patches of saline subsoil and normal subsoil were known to occur. Five patches 
of each subsoil type were selected. Along with 4F American, the desi cotton, 
Mollisoni 39 was grown in the same field and similar observations (except the dry 
weight) were recorded on this variety of cotton. As desi cottons did not show 
symptoms of tirak a study of their growth on saline subsoils was considered of 
interest. 

The records of height, dry weight, number of flowers and bolls, the boll weight 
and the yield are given in Table XV along with main effects and standard errors. 
The main conclusions are stated below: — 

Table XV 



Normal Subsoil | 

Saline Subsoil 

1 Main effects 

i 

American 

4F. 

Desi 

Moll. 

American 
4F. 1 

Desi 

Moll. 

Soil. 

Variety 1 

1 

Inter- | 
act ion J 

S. Ed. 

Height per plant in cm. . 

iir> 2 

160.2 

83.4 

110. 0 

1 

•• 1 

41.0 ! 

1 35*8 ' 

9.2 i 

+ 4.81 

Dry weight per plant in 
gm 

595.9 


304.8 



! 1 

! ^ ^ i 

1 

1 

Total number of flowers 
per 12 sq. feet . . 

243.8 

424.4 

j 

160.2 

216.6 


! 

i 

! 1 


No. of bolls per 12 sq. feet 

64.8 

188.0 

54.6 

93.8 

*« 

52.2 

** 

81.2 ! 

! 42.0 

+12.04 

Weight of seed cotton per 
boll in gm. 

2.13 

1.40 

1.58 

1 

1.37 

0.29 

I ! 

** 

j —0.47 

j —0.26 

+0.138 

Yield per 12 sq. feet in gm. 

139.4 

267.8 

87.2 

129.2 

•• 

95.4 

1 •• 

1 85.2 

1 

j 43.2 

+24.30 


The heights and the dry weights were depressed on sandy loam with saline sub- 
soil in the case of 4F American cotton. Similar depression in height was noticed 
in the case of desi (Mollfeoni) cotton. The total number of flowers produced per 
unit area was less on salme subsoils than on normal soils. Salinity in the subsoil 
significantly decreased boll production, the boll weight and the yield in the American 
variety. In the desi variety there was similar decrease in boll production and 
yield but the boll weight was unaffected. As the reduction in the boll weight was 
caused by immaturity of seeds it was clear that the desi cotton did not suffer from 
tirak and maintained its normal boll weight. The significant decrease in yield in 
the case of the desi variety was solely due to a reduction in boll production but in 
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the case of 4F American cotton the decrease in yield was caused both by a reduction 
in the boll number and boll weight. It may again be pointed out that there was no 
reduction in the boll number per plant on light sandy soils with a saline or alkaline 
subsoil. 

The suppression in growth on saline subsoils was caused by the injurious effects 
exercised on the root system by sodium salts in the subsoil. When the free soluble 
sodium salts were present in high concentrations the osmotic relations of the plants 
with the soil solution were also disturbed and a condition of physiological drought 
resulted. This temporary drought disappeared on irrigation when the surface 
non-saline layers became moist but it reappeared as the surface layers became dry. 
The experimental evidence that the free sodium salts produced the symptoms of 
tirak on soils with saline subsoil is given in the next Chapter. 

CHAPTER VI 

ARTIFICIAL REPRODUCTION OF TIMAK 

If tirak symptoms in the Punjab- American cotton developed on account of the 
presence of sodium salts in the subsoil layers it was necessary to obtain experimental 
evidence to confirm that view. It would be also of interest to study the effect 
on growth of cotton plants, of the application of different sodium salts to normal 
non-saline soils as such a study on cotton had not been attempted before. 

The study of the growth of 4F- American plants on saline subsoils had reveal- 
ed that salinity or alkalinity in the subsoil did not alter the inherent growth 
characters of the plant. The trends in the relative growth rate and the net assi- 
milation rate were found to be similar, on normal as well as on saline soils. The 
trends in the production of dry matter at each stage of growth were also similar 
except for small differences, in the case of sandy loams with saline subsoils. Salinity 
in the subsoil depressed the growth of all parts of a plant and the depressing effect 
was more pronounced on the sandy loams than on light sandy soils. It caused 
immaturity of seeds in American cottons (O. hirsutum). Thus the effect was 
quantitative and not qualitative except for a delay in the crop arrival on saline soils. 
Harris (1929) had also found similar delay in the crop arrival in Egyptian cotton 
in presence of high salinity. It was, therefore, undertaken to determine if similar 
quantitative effects on the growth of plants were reproduced by artificial applications 
of sodium salts to non-saline lands. 

The problem of reproduction of tirak symptoms proved more complicated 
than it was at first imagined and early attempts proved entirely unsuccessful. There 
Avere various reasons for this lack of success. In the early stages of these attempts 
enough quantities of salts as they were found to exist under natural conditions, 
wore not used. In order to make the subsoil saline trenches or pits were dug up 
to a depth of two or three feet. The salts were added in the pits or trenches and 
they were irrigated after the earth was replaced. The digging operation thus 
loosened the earth and increased aeration ^nd, therefore, the growth of the roots was 
very vigorous in the upper two feet of the soil surface. The result was a very luxu- 
riant plant growth. 

The effects of injecting sodium salts into well grown plants in normal soils 
were also studied. Different concentrations of each sodium ^alt were used. The 
salt solution was injected from one of the branches on the main stem and the total 
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quantity of solution absorbed was recorded. As a result of a large number of in* 
jeotion experiments, it was found that the injections of sodium salts produced no effect 
on the opening of the bolls, though in some cases the plants when injected at the 
boiling stage* were killed owing to salt injury and the bolls remained immature 
and cracked with immature seeds but this could not be regarded as reproduction of 
tirak as it occurred in nature. 

The toxic effect of sodium chloride and sodium carbonate was tested out in 
1937-38 in plots of 4F American cotton plants grown on normal soils. Sodium 
chloride at the rate of 1500 lb. per acre was added on the 9th October 1937. In an- 
other plot sodium carbonate was spread at the rate of 750 lb. per acre. The salts were 
applied at the base of each plant. The plots were then irrigated. The leaves 
showed signs of injury on the 8th day after application and they all drooped and 
died. The rootlets were found to be killed. The undeveloped bolls dried up but 
mature bolls (unopened at the time of application) opened normally. This was 
also the case of direct salt injury and could not be regarded as a reproduction of 
the ‘disease.’ 

In the year 1938 an experiment was laid out where the salts were added below 
the surface. Under natural conditions, total concentrations of salts were low in the 
first two feet of the soil but they began to rise from the third foot downwards. 
Attempt was, therefore, made to reproduce similar rise in the concentrations of 
total salts from above downwards on a non-saline soil. Sodium chloride and sodium 
clarbonate were the two salts employed as these two have been known in case of other 
pants to be most toxic in their effect. The treatments were all combinations of 

1 sod. chi. ^ \ sod.carb. The layout was randomised block arrangement 

with six replicates. Size of each plot was 15ft. X 10 ft. The quantities of each salt 
required, to raise the concentration of each, in each foot of the soil, as given below 
were calculated an^ used (Table XVI). 

The earth up to a depth of 4 feet was removed in six-inch layers from each plot 
and heaped separately. The required quantity of each salt for the fifth foot was 
calculated and added after loosening the soil of the fifth foot. Soil of the last six 
inches of the 4th foot was replaced in the pit and the required quantity of each salt 
for that layer was weighed, added and thoroughly mixed with soil. The process 
was repeated up to the topmost layer. The plots were then irrigated. The crop 
was sown in May 1939. 


Table XVI 

Percentage concentrations of the sodium salts in different layers. 



Sod. carbonate 

Sod. chloride. 

Sod. chi. 

+ 

Sod. carb. 

1st foot 



0.000 

0.065 

0.055 

2nd „ 


, , 

0.026 

0.110 


3rd » 



0.050 

0.166 


4tb „ 



0.076 

0.220 


fith 



0.100 

0.276 

0.376 
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A number of observations were made in each plot during the growth of the crop. 
As the plants could not be sampled for dry weights on account of the small size 
of the plot, the weight of sticks and branches of plants was determined from each 
plot after harvesting. The number of bolls per plant, the weight of seed cotton 
per boll and the total yield from each plot were recorded. 

The drooping of leaves was found to occur in majority of plots treated with 
sodium chloride and the mixture of sodium carbonate and sodium chloride. 

The analysis of variance, the means and the significant interactions are given 
in Table XVII. 


Table XVII 


ArwXyais of variance and mean weight of stems, boll number, weight of seed cotton per 

boll and yield 


j 

I D. F. 

Stems 

Boll Number 

i Weight of seed 
j cotton per boll 

Yield (Adjusted) 

l)ue to 


Mean 

square 

F. 

Mean 

square 

F. 

Mean I 
square j 

F. 

Mean 

square 

F. 

Blocks . . . J 

5 1 

826450 


8844 1 


0.0475 j 


0.1376 ] 


Chloride 

1 

6501045 

** 

9.80 

115926 

5.44 

0.2072 


0.5367 

4.81 

Carbonate 

1 

6050145 

*« 

9.13 

266267 

12!o2 

0.3876 

8.16 

1.0309 

9.23 

Interaction . . 

1 

1288530 


33000 


0.0376 


0.6002 

6.38 

Error 

15 

663238 


21316 


0.0475 


0.1116 


Due to 

Wt. of stems 
ill gm. 

Boll Number 
per plot 

Wt of seed cotton 

1 in pm. per boll 

Yield In lb. 
(Adjusted) 

Control 


2781 

505.0 

0.995 

1.11 

Chloride 


1740 

366.0 

0.809 

0.81 

Control 


2763 

539.8 

1.029 


L.19 

Carbonate 


1768 

333.1 

0.775 

0.72 

S. Ed. 


+332.4 

+59.6 

+0.088 

j.().147 


Yield differential response Jr O' 20S 


Due to 

Chloride 

Carbonate 

Presence 

Absence 

Presence 

Absence 

Chloride 




+0.02 1 


Carbonate 


1 —0.15 

1 —0.79 1 

1 

1 —0.62 


The depressing effects of sodium salts on the dry weight of stems per plant, 
yields, boll number and boll weight were clearly visible and these effects were sig- 
nificant (Table XVJI). The weight of seed cotton per boll was significantly reduced 
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under these treatments indicating that these salts had produced immaturity of 
seeds as they did under natural conditions. Sodium carbonate had proved more 
harmful than sodium chloride in reducing the boll weight and the boll number 

The' results of yield wore statistically analysed after adjusting the yields for 
stand by the help of analysis of covariance (Fisher, 1936). The regression of yield 
on plant number, for plots treated alike, was found to be 0.0769 after eliminating 
differences due to block and treatments. The correlation between yield and plant 
number was 0.6609 and was significant. 

The two treatments had also significantly depressed the yield. The interaction 
chloride into carbonate was significant and positive, indicating that carbonate had 
proved less harmfiill in the presence of chloride than in its absence. 

The experiment clearly indicated that the growth and yields were reduced by the 
presence of sodium salts. The opening of bolls was bad and the seeds had remained 
immature when the salts were added. Thus iirak symptoms were reproduced by 
additions of the sodium salts. Tn the above experiment the doses of salts added 
were rather heavy and they had proved very toxic and the plants were very stunted 
in size. 

(i) Study of the Efect of Sodium Salts on the Growth of 4F Plants. 

Another experiment to study th(^ effect of sodium salts on the growth and 
development of tiraJc was, therefore, laid out in the cotton season of 1939-40, using 
smalk'T concentrations than those used in the above-mentioned experiment. The 
concentrations of salts used were such that when distributed ovei a depth of four 
feet they would be nearly the same as those generally found in patches where tirak 
occurred. These patches generally contained chlorides, bicarbonates and sulphates, 
while sodium carbonate was not present in all eases. Sodium sulphate was not 
included as previous experience had shown that it was not hasing any effect on the 
plant in concentrations in which it occurnid in such soils. The experiment therefore, 
was designed to study the eftects of sodium carbonate and sodium bicarbonate (qua- 
lity) at three levels (o, single dose, double dose) , in com 1 inal ion with three levels 
(o, single dose, double dose) of sodium chloride. The combination carbonate and 
bicarbonate was automatically excluded. There were thus 18 treatments compris- 
ing all combinations of the following : 




r ^ 

If o 

) 

sod. bicarbonate ) 

single dose 

y sod. chloride I 1 

\ 

sod. carbonate i 

(^double dose . . 

j 1 sod. (‘hlo ride T1 J 


Quality 

Quantity 

Cl -loride. 


All treatments were completely randomised in each block. Three replicates 
were provided. Plot size was 1/81 acre. 

The quantity of each salt to be added to the soil v, as calculated so as to give 
the required concentration for one acre-foot of soil. The ].ercentage concentration 
of a single dose of chloride was kept equal to the percent a ;c concentration of a double 
dose of carbonate or bicarbonate. The actual ejuanti . o each salt in each dose 
and its percentage concentration in one acre-foot of s('il ar.‘ - i en below in Table 
XVIII. 
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Table XVIII 



Actual quantity 
added in lb. p. a. 

% concentra- 
tion of the 
salt per acre 
[ foot of soil 

% concentra- 
tion of the €kcid 

1 radical p. a. 

Sodium chloride (single) 

8000 

0.182 

0.109 

,, ,, (double) . . 

16000 

0.362 

0.218 

Sodium bicarbonate (single) 

3336 

0.076 

0.054 

„ „ (double) 

6672 

0.151 

0.109 

Sodium carbonate (single) . . 

4288 

0.097 

0.054 

„ ,, (double).. 

8676 

0.195 

0.109 


For calculating the percentage concentrations for one acre-foot of the soil it 
was taken that a cubic foot of soil weighed 100 lb. and consequently an acre-foot 
would weigh 4.4 million pounds. These quantities of salts when added to the soil 
were expected to be washed down by irrigation at least to a depth of four feet. 
The soil of the field where this experiment was laid out was normal (without salinity). 
Salts were added behind a deep furrow-turning plough on 16th- 18th March and 
the plots were irrigated three times at regular intervals before sowing cotton seeds 
so that the salts might be washed down to lower layers and should not injure the seed- 
lings. 4F American cotton was sown by the middle of May. As it was under- 
taken to study the effect of sodium salts on the growth of plants and on the devel- 
opment of tirah the following data were recorded. The total dry weight per plant 
and the dry weights of its different organs ; stems, leaves and flowers plus bolls 
were determined on the 18th November. A 6-plant sample was taken from each 
plot. The height and node numbers of the main axis were determined from 5 plants 
in each plot at 10-day interval. The rate of flowering (5 plants from each plot) 
was also recorded during the flowering phase. The number of bolls per plant and 
the weight of seed cotton per boll were determined in two separate samples of five plants 
each. The final yield of hapas for each plot was also determined. For detailed 
results reference to the published paper by Dastur and Sucha Singh (1942) may be 
made. 

Sodium chloride in low concentrations depressed to a small extent the vegetative 
growth but had no effect on the fruiting parts and yields (Tables XIX and XX) . The 
same salt under high concentrations was found to exercise a very great depressing 
effect on its vegetative and fruiting parts. The total dry weight per plant, height per 
plant, leaf area, yields and boll weight were significantly lowered in the presence of 
sodium chloride when applied at the rate of 16000 lb. per acre. The weight of seed 
eotton per boU was greatly reduced indicating immaturity of seeds and consequently 
the chief symptom of tirah was reproduced in the presence of sodium chloride 
(Table XX). 

Sodium carbonate in low concentrations (4288 lb. per acre) showed some de- 
pressing effect on the vegetative growth but it was found to have a small stimulating 
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effect on production of the boll material and consequently the yields. The most 
noticeable, feature was the increase in the boll weight. High concentrations of the 
same salt (8676 lb. per acre) depressed greatly the vegetative growth resulting in 
low dry weights and heights. The yields were lowered as compared with the jdelds 
obtained under low concentrations of this salt. It may also be stated that the toxic 
effects of these sodium salts would depend on the clay content of the soil where an 
experiment is laid out. These salts have been found to prove more toxic on light 
sandy soils than on sandy loams which contained less proportion of sand fraction. 

Both the salts had decreased the intemodal lengths but had no effect on the 
number of nodes. The decrease in the intemodal length indicated a deficiency of 
water as cotton plants were found to produce smaller intemodes in the absence of 
heavy waterings (Crowther, 1934). 

Sodium bicarbonate had no effect on the growth of the plant either under low 
or high concentrations except for an indication of a stimulating effect on yields. 

The effects on the plant development of sodium carbonate and of sodium bicarbo- 
nate were different in the presence of sodium chloride. The depressing effect of 
carbonates on plant’s growth increased in the presence of sodium chloride so much so 
that the dry weights, heights, boll material and yields were greatly reduced under high 
concentrations of the two salts (Tables Nos. XIX & XX). The case was different 
with sodium bicarbonate where this salt in high concentration appeared to decrease 
the depressing effects of high concentration of sodium chloride. It was on account 
of this differential behaviour of the two salts in the presence of chloride, that the 
interaction quality with chloride was found to be significant on dry weight, height 
and boll material (Tables XIX & XX). 

Thus sodium cliloride depressed both the vegetative growth and the yields. 
It also produced immaturity of seeds and thus caused bad opening. Carbonate 
decreased the vegetative growth but had a stimulating effect on fruiting parts in low 
concentrations. Bicarbonate in high concentrations appeared to decrease the 
depressing effect on yields of high concentration of sodium chloride. 

It had already been shown in Chapter IV that free sodium salts were present in 
abnormal (piantities in Punjab soils where tirah occurred. The sodium salts found 
in such soils were chloride, bicarbonate and sulphate of sodium while sodium car- 
bonate was either present in very small amounts or was absent . The presenct' 
of these salts disturbed the osmotic relations of the plant with the soil and seriously 
interfei’ed with the absorption of water resulting in a condition of physiological 
drought. These salts might also affect the growth of the roots. It appeared from 
the results discussed above that the disturbance in the presence of sodium chloride 
was greater than in the presence of sodium bicarbonate, as in the experiments, no 
depressing effect on plant’s growth was visible when the latter salt was a]>- 
plied in concentration in which it was generally found to be present in such saline soils. 
It was quite possible that in much higher concentrations than those used here, 
any of the sodium salts may also produce similar depressing effects on growth. 
When sodium carbonate was present along with other salts the depressing effe(;t 
was greatly aggravated. Thus the intensity of tirafe symptoms would dex^end on 
the total concentrations of these salts, their nature and their relative prox 30 rtions 
in the soil.It was the combined effect of these salts that produced tirak symptoms 
in natural conditions and it might be modified by other soil conditions like the clay 
content and soluble calcium salts. 

The investigation reported here had thus yielded a direct experimental evi- 
dence that free sodium salts in the subsoil were causing tirak in the Punjab-Ame- 
rican cottons. 



Effect of sodium salts on total dry weight, dry matter of bolls and height. 
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CHAPTER Vn 

PHYSIOLOGICAL CHEMISTRY OP r/RAiT-APPECTED 4P PLANTS 

It was already demonstrated in Chapter III that the yellowing and premature 
shedding of leaves in the Punjab- American cottons on light sandy soils were symp- 
toms of nitrogen starvation and the applications of nitrogen prevented the develop- 
ment of these symptoms on such soils When nitrogen was applied to such soils 
the nitrogen level in the leaves was found to increase and the premature yellowing 
and shedding of leaves did not occur. The droopmg of leaves was a feature of 
hVafc-affected plants on soils with a saline subsoil where also ‘bad opening’ of the bolls 
occurred. The common symptom of tirak on both the soil types was, therefore, 
immaturity of seeds and a study of the physiological chemistry of firafc-afE’ected 
plants on the two types of soils was necessary to determine the nature of physio- 
logical disturbance which led to the production of partially or wholly immature 
seeds. 

It was mentioned in Chapter III that the immaturity of seeds was lessened by 
the applications of nitrogen to light sandy soils. It was, however, found that similar 
applications to soils which had free soluble salts or sodium clay in the subsoil did 
not prove effective in lessening the seed immaturity. Thus the problem appeared 
complicated. 

The immaturity of seeds was known to occur in other crops where one of the essen- 
tial elements like potash or phosphorus was deficient but the direct applications of 
potash or phosphorus were not found to increase the maturity of seeds in the Punjab- 
American cottons. 

In order to determine the chemical basis of tirak it was first necessary to study 
the mineral composition and the uptake of minerals by the American cotton plants 
grown on normal soils with a view to extend these observations on the two soil types 
where tirak occurred. 

{i) Mineral Composition of Normal 4F Plants 

The mineral composition of the cotton plant at one stage or the other had been 
determined by workers abroad (Hutchinson and Patterson, 1892; Fraps, 1919; 
McHargue, 1926). White (1914,1915) found that maximum amounts of nitrogen 
potash and phosphorus were absorbed by the cotton plant at the flowering stage. 
Similar findings have also been rejjorted by Kudrin (1929), Holley, Pickett and 
Dulin (1931), Armstrong and Albert (1931) and Murphy (1936). 

The mineral composition of the 4F American plants at maturity in the Punjab 
on normal soil under usual spacing of 3'xH' are given below (Table XXI). The 
results have been expressed in grams per plant and per 100 grams of the whole plant. 
The methods of analysis used are given in the Appendix at the end of the Chapter. 
The crop was sown on 8th May, 1935. The results showed that the cotton plant 
contained large amounts of lime, potash, nitrogen and sulphates while the other 
minerals were found in smaller quantities. 

The number of cotton plants with the spacing adopted was roughly 9,000 per 
acre. The quantity of each mineral absorbed by an acre of American crop sown 
early in May could thus be calculated and is given below (Table XXII). 



Tablb XXI 


Mineral compoeitian of 4F Amerian planJta 
(On 24th December, 1935) 


Dry wt. 

Silica 

free 

ash 

Nitro- 

gen 

Potash 

Lime 

Mag- 

nesia 

Alumi- 
nium 
-f iron 

Phos- 

phoric 

acid 

i 

Sul- 

phates 

Chlo- 

rides 




! 

(gm. per 

plant.) 

1 




864.7 

69.47 

14.52 

17.84 

19.37 

3.79 

0.49 

3.02 

12.95 

2.73 



1 

1 

(gm.per 

100 gm. 

of the 

whole pi 

ant.) 



100 

8.04 

1 .68 

2.07 

2.24 

0.44 

0.06 

0.35 

1.60 

0.32 


Table XXII 

Quantities of minerals in lb. absorbed by an acre of cotton crop 


Nitrogen 

1 

Potash 

Lime 

Magnesia 

Alumi- 
mum 
+ iron 

1 

Phospho- 
ric acid 

Sulphates 

1 

Chlorides 

288 

353 

384 

75 

j 10 

60 

1 

256 

> 54 


(Qua 

ntilios of 

minerals in 

1 lb. lost fro 

in the soil 

per aero.) 


177 

> 190 

i 1 

90 

1 

42 

3 

40 

1 

j 32 


Out of the total quantity absorbed a portion of it was returned to the soil by 
the roots and the shed leaves which remained in the soil and therefore the actual 
loss of these minerals from the soil was greatly reduced as the leaves contained 
the largest concentrations of these substances. Thus there was in a field of average 
fertility a loss of 190 lb. of potash, 177 lb. of nitrogen, 90 lb. of lime, 66 lb. of sul- 
phur and 40 lb. of phosphoric acid every time an acre of cotton crop was grown 
in a field. 

The leaves were found to contain maximum concentrations of lime, sulphate 
and potash when the crop matured. 

The mineral compositions of the roots, stems, leaves and flowers and bolls 
were determined at fortnightly intervals to obtain an idea of the uptake of different 
minerals at different stages of growth. The percentage increase of each mineral 
for each stage in the whole plant was determined and it was found that the maxi- 
mum increase in the uptake of each mineral occurred by the middle of September 
(Fig. 11). This was the stage when the maximum percentage increase in the dry 
matter of the plant also occurred as already shown (Fig. 8). Thus this was the 
period of maximum activity. 
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(ii) The Uptake and Distribution of Minerals in Normal 

4F Plants 

A study of the concentration of each mineral at each stage of growth in the 
different parts of the plant revealed that the concentration of nitrogen and phos- 
phorus decreased in the leaves as the bolls matured while they remained almost 
constant in the stems and roots (Fig. 12). In the case of potash a decline in the 
concentration occurred in the roots and stems along with the leaves when fruits deve- 
loped. Thus the first two elements travelled from the leaves to the bolls, while 
potash travelled from all the vegetative organs to the fruiting parts. The concen- 
trations of lime and sulphates in the leaves remained unchanged throughout the 
whole period indicating that there was a continuous absorption of these minerals 
from the soil and the requirements of the bolls were either met directly or via the 
loaves from the soil (Figs. 12 & 13 ). There was also a small decrease in the con- 
centration of magnesia in the leaves up till October after which it remained unchan- 
ged (Fig. 13). There was an increase in the concentration of iron in all the vegetative 
parts in the early stages of growth after which there was a fall in the leaves but not 
in the stem and roots (Fig 13). The concentrations of chlorides declined in the 
early stages of development in all parts of the plant (Fig. 13). Thus most of the 
minerals except lime and sulphates got depleted from the leaves at the fruiting 
stage. 

A study of the percentage distribution of each of these minerals in the different 
organs of the plant at different stages of growth supported the above conclusion 
that the leaves got depleted of most of their ash constituents and nitrogen when the 
bolls began to develop. Nitrogen, phosphorus (Fig. 14), magnesia, chlorides and 
iron (Fig. 15) decreased in leaves while potash decreased in all the vegetative parts 
(Fig. 14). The ijorcentage distribution of lime and sulphates in leaves remained 
constant at all stages of growth (Figs. 14 & 15). For further detailed information 
on the mineral uptake of cotton plant in the Punjab a reference to the published 
paper by Dastur and Ahad (1941 ) may be made. 

(in) The Uptake and Distribution of Minerals in TiruAj-AFFECTED 

4F Plants 

In order to study the mineral uptake in ^iraA:-affected crop, a field with a light 
sandy soil where tirak due to a deficiency of nitrogen was known to occur was selec- 
ted. A field where normal crop was known to grow was also selected, as the dif- 
ferences in the mineral uptake of normal and Hrak-afUected plants, if there bo any, 
could only be detected by comparison. 5-plant samples at random wore taken 
for analysis at monthly intervals. The roots, stems, leaves and fruiting parts 
(buds, flowers and bolls ) were separately analysed for nitrogen, phosphoric acid 
potash and lime. No differences between the mineral contents of the roots and 
stems of normal and timfc-affected plants were noticed while marked differences in 
leaves can be seen from Fig.lGA. The leaves of fimfe-affected plants were found to 
be deficient in nitrogen, phosphoric acid and lime from the early stages of growth 
while potash was found to be deficient from mid- August, t.c., at the pre-flowering 
phase. 

Similar investigations of <^mfc-affected plants on soils with saline subsoil revealed 
that nitrogen and lime were deficient in leaves from the early stages while potash be- 
came low at the flowering phase (Fig. 16B). Thus tirak-SiSected plants on both the 
soil types showed a low nitrogen, and lime in the leaves (Dastur and Ahad, 1945). 
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Fig. 13. The percentage of sulphate, magnesia, iron and chlorides in the roots steins, leaves and flowers 
and bolls of 4F Punjab-American Cotton at different stages of growth on normal sandy loam. 
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Fig. 15, Percentage distribution of sulphates, magenesia, iron and chlorides in different parts of 
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(iv) Minbeal Composition op Bolls at Different Stages of 

Development 

The above-quoted results indicated some disturbance in the uptake of minerals 
in the two soil types where tirak occurred. If immaturity of seeds was a direct 
or an indirect effect of deficiency of any one of the important minerals, it should 
also be possible to detect it in the developing bolls. A study of the metabolism of 
developing bolls was, therefore, considered necessary. A normal field, a field 
where tirak occurred on account of salinity in the subsoil and a field where tirak 
occurred on account of a deficieny of nitrogen were selected and 5000 flowers were 
tagged in each field on the same day in the month of September. Weekly samples 
of developing bolls, after they were set, were taken from each field for analysis up 
to the time the bolls opened. In the early stages a larger number of bolls was 
collected for analysis but the number was reduced to 50 when the bolls began to 
mature. The carpels, seeds and lint were separately analysed each week for nitrogen, 
potash, phosphoric acid and lime. 

A study of the concentrations of the four minerals in the carpels, seeds and 
lint of normal and <tmA;-affected bolls at different stages of development revealed 
the following trends: — 

The concentrations of nitrogen, phosphoric acid and up to a certain stage only 
of lime, decreased (Figs. 17 A, 17 B, 18A& 18B) while the concentration of potash 
increased in the carpels as the boUs matured. The potash content of the carpels of 
^imA;-affected bolls remained constant in the final stages of growth. 

The concentrations of nitrogen, phosphoric acid and lime showed a fall in the 
seeds during the first tlirce weeks of development after which an increase in their 
contents was found to occur. Potash, on the other hand, showed a continuous 
decline in the seeds of normal bolls, while it remained almost constant in the seeds 
of /^>a/;-affected bolls after the 5th week of development. 

The concentrations of all the four minerals decreased in the lint as it matured. 

The following wore found to be the important differences between the mineral 
contents of normal and tirak-aSected plants on the two soil types : 

A low nitrogen content at all stages of growth in the carpels, seeds and lint 
was a feature of <imA;-affocted bolls on light sandy soils (Fig 17 A). The carpets 
and lint of ^imik-affected bolls on soils with a saline subsoil on the other hand showed 
higher nitrogen contents than the corresponding parts of normal bolls at all stages of 
growth (Fig. 17B). That was not the case with seeds which, like the seeds from light 
sandy soil, contained less nitrogen than the seeds of normal bolls after the 3rd week 
of development. 

Phosphoric acid contents was found to be below normal in the seeds of 
iiraifc-affected bolls in the last four stages of develpment from light sandy soils while 
the same mineral was found to be present in larger concentrations than normal in 
the carpels from both the soil typos and in the seeds of tirak-aSected plants from 
soils with saline subsoils (Fig. 17a). 

The carpels of ^imfc-affectecd bolls were found to contain less potash at all 
stages than the carpels of normal bolls and this difference in the potash contents 
between normal and iira/b-affected bolls became more pronounced in the final stages 
of powth (Fig. 18A). Potash continued to increase in the carpels of normal boils 
while it remained constant in the carpels of ^iraA;-affeoted bolls during the last three 
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Fig. 18. Percentage of (A) potash and (B) lime in the carpels, seeds and lint of bolls from normal plants 
and from tirak-SkSected plants on the two soil types, at different stages of development. 
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weeks of boU development. The potash content of the seeds progressively declined 
in the normal bolls while it ceased to decrease in the seeds of tirak-oSQoted bolls in 
the later stages of growth. 

The lime contents of the seeds and lint in the later stages of growth were higher 
in ^imA;-affected bolls than in normal bolls (Fig. 18B). 

A low potash content in the carpels and a low nitrogen and high potash and 
lime contents in the seeds were the common features in which ^^VaA;•aSected bolls 
differed from normal bolls. 

As the immaturity of seeds occurred on two different soil types it was possible 
that the chain of events leading to the development of the common symptom on the 
two soils may be quite different. It may also be mentioned here that the intensity 
of tiraky ie., the degree of immaturity of seeds was greater on light sandy soils than 
on soil with saline subsoils. From the results discussed above and represented in 
Figures 17 and 18 a greater disturbance in the mineral uptake was also noticeable 
in the bolls from light sandy soils than in the bolls from saline subsoils. 

From the results discussed above it was clear that a general deficiency of nutri- 
ents was found to occur in cotton plants on light sandy soils. It has already been 
demonstrated by Dastur (1941), vide Chapter 111 that the application of nitrogen in 
the form of sulphate of ammonia to light sandy soils ameliorated tirak occurring 
on such soils. It was also shown, though not very conclusively, that when nitrogen 
was applied, there was an increase, in the uptake of potash and lime by the plants 
along with that of nitrogen. It, therefore, appeared probable that the uptake 
of potash and lime was influenced by the level of nitrogen in the soil. The deficiency 
of potash in the leaves and bolls and of lime in the leaves on light sandy soils may 
thus arise indirectly on account of a deficiency of nitrates in the soil. It was, there- 
fore, undertaken to establish this point. 

The loaves of plants from plots in a field experiment where potash was ap- 
plied at the rate of 2001b. of K 2 O per acre were analysed for potash along with the 
leaves of x^lants from control plots where potash was not applied. Five-plant sample 
was taken for analysis from five control and five treated plots. The leaves from each 
plot were separately dried and analysed for potash. 

Table XXIII 


Percentage of potash in the leaves of control plards and of plants treated with 200 Ih. 

of K^O as potassium sulphate per acre 


Treatment 

1 

II 

III 

IV 

V 

Mean 

S. E. 

Control 

2.82 

3.26 

2.92 

3.49 

2.97 

3.09 i 

0.069 

200 lb. of K 2 O 
p.a. 

2.96 

3.27 

2.63 

3.64 

2.86 

3.07 



Direct applications of potash did not increase the potash uptake by the plant 
as no differences were noticed in the potash contents of the leaves of the control 
and treated plants. In addition the measurements of boll weight (i.e., the weight 
of seed cotton per boll indicated no increase in the maturity of seeds of plants in 
plots treated with potash. Thus tirak condition was not ameliorated 
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The application of nitrogen in the form of sulphate of ammonia was found to 
ameliorate iimA; and to increase the yields. It was therefore undertaken to deter- 
mine the potash contents of the leaves and of the carpels from the control plots and 
from plots treated with 60 lb. of nitrogen in the form of sulphate of ammonia. 
Leaves of 6 plants from four control and four treated plots were taken for analysis. 

Table XXIV 


Percentage of potash in the leaves and carpels of control plants and of plants manured 
with sulphate of ammonia in light sandy soils 



Leaves 

Carpei s 

Plot No. 

Control 

Treated 

with 

60 lb. N. 

Control 

Treated 

with 

60 lb. N. 

1 

2.36 

3.26 

3.20 

4.27 

2 

2.76 

3.22 

3.04 

4.62 

3 

3.06 

3.76 

3.11 

5.28 

4 

2.63 

3.64; 

3.26 

4.86 

Mean 

2.70 

1 3.i7 

3.13 

4.76 

8. 0. 

1 0.085 

0.159 


The potash contents of the leaves and the carpels of plants manured with 60 lb. 
nitrogen in the form of sulphate of ammonia were significantly higher than the potash 
contents of the leaves and carpels of unmanured plants (Table XXIV) . It has already 
been shown that when nitrogen was applied, the nitrogen content of the leaves of 
manured plants was significantly greater than the nitrogen content of the leaves of 
unmanured plants at the same stage of development (Dastur, 1941 ) — [vide Table V 
in Chapter TII). There w as also an increased uptake of lime as revealed by the ana- 
lysis of the leaves of manured and unamanured plants. The results clearly suggest 
that potash and lime are not deficient in the light sandy soil but their uptake w as 
lessened on account of the deficiency of nitrates in the soil. If the deficiency of 
nitrogen was made up by artificial applications, the uptake of these minerals w as 
greatly increased. 

The application of nitrogen to light sandy soils was found to increase signi- 
ficantly the bearing, i.e,, the number of bolls per plants (Dastur & Mukhtar Singh, 
1943 and 44) [vide Chapter VllI). Further investigations have shown that nitro- 
gen had no direct relation with the seed maturity. In a field where the soil was light 
sandy as well as saline in the subsoil, i.e., where both tirak promoting soil conditions 
were present, application of sulphate of ammonia was found to increase the boll 
number per plant but did not reduce the immaturity of seeds as compared with the 
boll number and seed immaturity found in the plants from the control plots. The 
leaves of plants from treated plots did not exhibit the external symptoms of tirnk^ 
viz,, premature yellowing and shedding but the bolls contained partially and fully 
immature seeds (Dastur, Mukhtar Singh and Sucha Singh, 1944) (ride Chapter VIII), 
A significant increase in the boll number was noticed as a result of the application 
of nitrogen in the form of sulphate of ammonia to such lands and added nitrogen w as 
utilized for boU production and was not used for increasing the seed maturity. 
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The application of sulphate of ammonia to sandy loams (not deficient in nitrogen) 
with saline subsoils did not either increase the boll number or the maturity of seeds 
(Dastur and Mukhtar Singh, 1942) as compared with the boll number and the seed 
maturity found in plants of the control plots. As nitrogen deficiency in plants on 
such soils did not occur, no further increase in boll number per plant on account 
of nitrogen application was registered. Applications of potash did not either 
increase the boll number or seed maturity. 

Several important conclusions were reached from the results of chemical in- 
vestigations of ^^m/r-affected and normal plants and of investigations carried out in 
fields where soil conditions were properly determined. (1) Nitrogen applications to 
light sandy soils directly increased boll production and indirectly the seed maturity, 
Aji increased uptake of nitrogen from the soil was accompanied by an increased 
uptake of other minerals like potash and lime. (2) Direct applications of potash 
had no effect on boll number or seed maturity. There was no increase in the potash 
up-take by the plant when potash was added to light sandy soils. (3) Application 
of nitrogen to light sandy soils with a saline subsoil increased boll production but 
had no effect on seed maturity. Direct applications of potash to such soils failed 
to produce any effect on boll production or seed maturity. There was no increase 
in the potash uptake by the plants when the fertilizer was added to such soils. (4) 
Applications of nitrogen or potash to sandy loams with saline subsoils had no effect 
on either boll production or seed maturity. (5) In no case the application of lime was 
found to have any ameliorative effect on tirak on any soil type. 

The results clearly indicated that there was no direct deficiency of potash or 
lime on the two soil types where tirak occurred. This fact was further confirmed 
by the determinations of exchangeable calcium and potassium from the soil under 
normal crops and from soils under ^^m^;-affected orops. No differences in either 
exchangeable calcium or potassium in the soil under normal and affected crops 
were found to be present. 

A direct deficiency of nitrogen on light sandy soils reduced the uptake of potash 
on such soils. The case was different with soils with saline subsoils where a direct 
deficiency of nitrogen was not found to occur. In the former case immaturity of 
seeds was reduced by the application of nitrogen while that was not found to be the 
case in the latter type of soil. It, therefore, appeared probable that the immaturity 
of seeds was associated with the low potash content of the leaves and carpels of 
iimAc-affccted plants. Though the leaves of tirak-aSected plants contained less lime 
than the leaves of normal plants, the carpels of iimfc-affected bolls from light sandy 
soils did not show any deficiency of lime. 

The association of immaturity of seeds with low potash content has already 
been known in case of other crop plants. Russell (1937) has pointed out that if 
potassium was deficient, grains of cereals did not mature. Neal and Gilbert (1935) 
showed that the application of potash remedied the disease of cotton known as 
‘cotton rust’ or ‘potash hunger ’ where the seeds remained immature. Skinner 
and Pate (1925) found an increase in boll weight as a result of potash application 
to fine sandy soils. A decrease in the weight of seeds was report^ by Wood (1934) 
when potash was omitted from manurial experiments. Schuster (1927) reported 
that soybean plants grown with deficient potash supply produced small and imma* 
ture seeds with low oH contents. 

The cotton plants on soils with saline subsoil showed symptoms of physiological 
drought at the fruiting stage. The leaves drooped and were gradually shed. Here 



it was not primarily a case of a deficiency of nitrogen as the leaves did not show the 
symptoms of nitrogen starvation, premature yellowing. The application of sul- 
phate of ammonia did not produce any effect on seed maturity. The leaves drooped 
and were shed where even nitrogen was applied. It is probable that the roots in 
saline layers of the subsoil did not normally function and the absorption of water 
and salts was interfered with. The leaves showed low nitrogen and lime contents 
at all stages of growth and a drop in the potash content from the flowering stage. 

Though nitrogen was found to be low in the leaves, no deficiency of nitrogen 
in the carpels of bolls was found to occur. Though there was an accumulation 
of nitrogen in the carpels, the potash content was below normal. Thus tirdk- 
affected bolls from both the soil types showed a low potash content both in the leaves 
and carpels and potash appeared to be related to immaturity of seeds. 

The deficiency of potash in the carpels of tirak-aSected bolls was again confirmed 
by analysing the carpels of bolls from normal and tirak-fi^ected plants. The choice 
of plants was perfectly random irrespective of soil conditions. The normal and 
itmA;-affccted plants were collected from different fields. The bolls from normal 
and <tmn:-afTected plants were separately analysed. 

TABI.E XXV 


PercfMtaye of potash in the carpels of normal and tirak affected bolls 


i 

, 1 

I 1 

1 1 

i li 

1 

! lit 

1 

1 

1 V 

! VI 

1 

j 

vm 

IX 

1 

1 ' 1 

1 X |XT ! 

XII 1 

Mean 

J^ormal bulls 

4.93 

! 1 

A 51 

1 4 22 

1 

4.61 

4 17 ! 

! :i 76 

: 4.,.7 

!4 84 

1 4 3ft 

4.33 

4.22 

4.45 

4.44 

2'/m/r-affecte(l bolls 

2.(J1 

2 22 

1 2 34 

2.06 

2.37 

* 2.85 

2 '.)4 

2.81 1 

2.75 

2.83 

2.80 

3.04 j 

1 2.04 


S. B. 0.095 


The potash content of the carpels of ^iraA;-affected bolls was found to be signi- 
ficantly lower than the potash content of the carpels of normal bolls (Table XXV). 
The dfBforences between nitrogen contents of the carpels of normal and tirak-affected 
bolls were not constant. In some cases the nitrogen content of the carpels was 
found to be higher and in other cases lower in ^imifc-affected bolls than the nitrogen 
content of the carpels of normal bolls depending on the nature of the soil type from 
where the sample was collected. 

The shift in the time of sowing of cotton from the month of May to the month 
of June has been found to be the best remedy for tirak on soils with saline subsoil. 
The delay in sowing is accompanied by a reduction in the vegetative growth of the 
crop which does not suffer from a condition of physiological drought on such soils. 
The leaves do not droop and the seeds are properly matured in the bolls (Dastur and 
Mukhtar Singh, 1942). The ameliorative effect on tirak is found to be accompanied 
by a normal uptake of nutrients. The absence of drooping itself indicates normal 
absorption of moisture. The leaves of the May-sown and the June-sown plants on 
normal soils and on soils with a saline subsoil were analysed, at fortnightly inter- 
vals from the early stages up to maturity for nitrogen, phosphoric acid, potash and 
lime (Fig. 19A, B). The nitrogen, potash and lime contents of the leaves of the June- 
sown plants on soil with saline subsoil were higher at all stages of growth than those 
•of the leaves of the May-sown plants. There were no such marked differences in the 
aiitrogen, potash and lime contents of the leaves of the June-sown and the May-sown 
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Fig. 19. Percentage of total nitrogen, phosphoric acid, potash and lime in the leaves of early sown and li^te 
sown plants at different stages of growth on {A) normal soil and (B) on soil with saline subsoil. 
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plants on normal soil. The results, therefore, indicate that a June-sown crop is able- 
to function normally on soils with a saline subsoil, and is able to obtain its normal 
requirements of water and salts. 

(v) Protein Metabolism of Bolls 

A deficiency of potash or nitrogen had already been known to cause a reduction 
in the synthesis of proteins and to an accumulation of soluble forms of organic 
nitrogen, especially in the form of amino acids and amides. Tomato plants when 
starved of potash were found by Burrell (1926) richer in soluble nitrogen, especially 
amino acids, than the control plants. Engel (1929) found a similar accumulation 
of soluble forms of nitrogen and a reduction in total N and protein N when nitrogen 
was deficient. Philips, Smith and Dearborn (1934) confirmed the findings of Burrell 
(1926) on the tomato plant. An accumulation of the degraded products of pro- 
teins was found to occur when potash was deficient. Richards and Templeman (1936) 
and Richards (1938) determined the changes produced in the protein and carbohydrate 
metabolism of barley when nitrogen, potash or phosphorus was supplied in inade- 
quate quantities, and found that a potash deficiency caused an accumulation of ami- 
no acids and amides and a decrease in proteins and also to an accumulation of nitrates 
in the later stages of growth. In the case of nitrogen starved plants a fall in the level 
of proteins was found to occur. Gregory and Sen (1937) have concluded that a 
potash deficiency caused an increase in amino acids and a nitrogen deficiency caused 
a decrease in proteins. Similar results were also obtained by Nightingale (1936 
and 1937). 

The results of the previous workers clearly indicate that potash deficiency 
caused some disturbance in the protein metabolism of plants. It was, therefore, 
necessary to see if similar accumulations of non-i)rotein nitrogen and a decrease in 
protein nitrogen occurred in /im^:-affected bolls. Such a study would confirm the 
conclusion that a potash deficiency was causing the immaturity of seeds by causing 
a disturbance in the synthesis of proteins in seeds. 

The total N, protein N and soluble non-protein N were determined at weekly 
intervals from the carpels, seeds and lint of tirak-oSoQtod bolls from the two soil 
types and of normal bolls from a normal soil. The soluble non-protein nitrogen was 
further analysed for soluble organic and inorganic fractions. Amino N, amide N, 
diamino N, ammoniacal N and nitrate N were determined by standard methods 
given in the Appendix at the end of the Chajitcr. The results of the total N, protein 
N and soluble non-protein N in the carpels and the seeds are graphically represented 
in Fig. 20. 

Though the trends in the total and protein N contents of the carpels and 
seeds of bolls of normal and ^imfc-affectcd plants were similar (Fig. 20) there were 
marked differences in tlie actual quantities of each found at different stages of 
growth. The total N and protein N declined in the carpels as the bolls developed 
but in the case of the seeds the total N and protein N began to increase after the 
3rd week of development. The concentrations of total N and protein N were 
highest in the carpels of affected boUs from soil with saline subsoil, medium 
in the carpels of normal bolls and the least in the carpels of affected bolls 
from light sandy soils. A nitrogen deficiency was therefore evident in ihe bolls 
from light sandy soils while an accumulation of nitrogen occurred in the carpels 
of bolls from saline soil. The case with protein N content of seeds was different. 
The protein N content was highest in the seeds of normal bolls, medium in the seeds 
of boUs from saline soils and the least again in the seeds of bolls from light sandy 
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soU. Thus the seeds of tirak-aSeoted bolls showed a low protein content as com«« 
pared with the protein content of the seeds from normal bolls. The proteins did 
not increase in the seeds of /imi-afFected bolls in the last three weeks of develop- 
ment, while proteins continued to be synthesised in the seeds of normal bolls upto 
the last week of development. It may be pointed out that the potash content of the 
carpels of tirak-affected bolls also remained constant in the last three weeks of deve- 
lopment, while it continued to increase up to the last stage of development in the 
carpels of bolls from normal plants. 

The trends in the total soluble N contents of the carpels and seeds of normal 
and fimfc-affected plants also showed differences. The soluble N in the carpels 
of normal bolls began to decrease from the 6th week while it showed an increase 
up to the last stage of development in the carpels of tirak-a,fiected bolls (Fig. 20). 
A continuous decline in the soluble N in the seeds of normal bolls occurred from 
the 1 st week up to the last week of development while the same again increased in 
the seeds of tirak-Siffectcd bolls from the 6th week. The accumulation of soluble 
N in /iraA’-affected bolls preceded the cessation of the protein synthesis as no in- 
crease in the protein content occurred from the 6th week. The protein metabolism 
in the bolls of tirak-affected plants did not follow the normal course after the 6th 
week. 

A study of the diamino N- contents of the carpels and seeds suggested that 
the synthesis of proteins in ^imA;-affected bolls ceased at the diamino stage (Fig. 20). 
The diamino N in the seeds of normal bolls was markedly higher in the last four 
weeks than that of the seeds of timfc-afifected bolls even though the total soluble 
N (which included diamino N) was lower in the seeds of normal bolls during the 
same peirod. The soluble N in the seeds of normal bolls therefore consisted mainly 
of diamino N which was being converted into proteins. 

The remaining fractions of soluble N in the seeds and carpels of normal and 
tirak-Siffected bolls showed similar differences (Fig. 21). Nitrates, ammonia, ami- 
no acids and amides accumulated from the 5th or the (ith week in the seeds and car- 
pels of affected bolls while these forms of soluble nitrogen (except nitrates in 
the carpels) showed a continuous decline in the carpels and seeds of normal bolls 
(Fig. 21). 

The accumulation of soluble nitrogen in the carpels and the seeds indicated that 
the synthesis of proteins ceased in ^tm/b-affected bolls from the 6th week of develop- 
ment as from that stage the soluble nitrogen was not converted into protein nit- 
rogen. Total soluble nitrogen in the seeds of tirak-aScoted bolls was at a higher 
level than the total soluble nitrogen in the seeds of normal bolls at all stages 
of growth indicating that the protein synthesis was not proceeding at the same speed in 
tirafc-affected bolls as it did in normal bolls. The cessation of the protein synthesis 
in the seeds also caused an accumulation of the different soluble nitrogen fractions 
in the carpels. 

It was evident from the trends in the concentrations of soluble N and protein 
N in the seeds that the secondary synthesis of proteins occurred from the soluble 
forms of nitrogen as the concentration of the former decreased and that of the latter 
increased in the seeds as the bolls matured. The soluble forms of nitrogen travelled 
from the leaves to the bolls as it was shown earlier that the concentration as well 
as percentage distribution of nitrogen decreased in the leaves from the onset of the 
reproductive phase and increased in the bolls as they developed (Figs. 12 & 14) 
(Dastur & Ahad, 1941). The supply of soluble organic nitrogen greatly declined 
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from the 6th week in tirak-^Sected boll^ and this fall coincided with a decline in the 
absorption of potash. Lack of potash caused a cessation in the protein synthesis 
and whatever small amounts of soluble nitrogen that reached the bolls remained 
unconverted into proteins and it remained accumulated mostly in the form of dia- 
mino and monoamino acids and amides. 

It was pointed out in Chapter V that the dry weight of bolls from <tmfe-afifected 
plants did not show any increase from the 6th week and it remained constant (Fig. 9). 
In the case of normal bolls the increase in the dry weight continued up to the 8th 
week. Thus the growth of bolls and the synthesis of proteins in ^imfe-affected 
plants ceased at the same stage. 

{vi) Synthesis of Oil in Relation to Carbohydrates 

It was clear from the results outlined above that the potash metabolism, the 
protein synthesis and the growth of bolls in firaA;-affected plants were interrelated 
and interdependent. In the case of tirak-aSected plants the cotyledons of immature 
seeds were thin and papery. They did not get filled with oil. It would, therefore 
bo interesting to determine what effects on the synthesis of oils were produced by 
the cessation of the synthesis of proteins. It was necessary to determine the stage 
at which the synthesis of fats in the seeds of tirak-a,Sected bolls began to get de- 
pressed and to know if the depression in the synthesis of fats occurred at an earlier 
or at a later period than the stage at which the synthesis of proteins was inhibited 
in the seeds. It was also necessary to determine the physical and the chemical 
constants of the oil produced in the seeds of normal and fim^-affccted bolls to see 
if there was any difference in the nature of oil produced in the tw^o cases. 

This study of oil metabolism of bolls would be incomplete if the trends in the 
carbohydrate contents were not, side by side, determined, as it was known that oil 
was formed from carbohydrates. The carbohydrate analysis of the developing bolls 
may show if they were acting as limiting factors in the seed maturation of ^i’m^-affected 
plants. 

Caskey and Gallup (1931) have already shown that the oil content increased 
and sugars decreased in all parts of the boll as development proceeded. The period 
of maximum oil formation was found to lie between the 21st and the 30th day of boll 
development. Similar relationship between the oil and the sugar contents had been 
found by Gerber (1897) in the case of walnut and almond, by Ivanow (1911, 1912) in 
the case of flix and rape seeds, by Rushkovski (1930) in the case of sun-flo\ver 
seeds, by Eyre (1931) and Johnson (1932) in the case of flax, and by Sahasrabuddhe 
and Kale (1933) in niger seed. Reaves and Beasley (1935) who studied the deve- 
lopment of cotton embryo found that sugars were present from the very beginning 
of embryonic development while oil appeared from the third week. 

The percentage of oil in the developing seeds from the bolls of normal and 
firafc-affected plants was determined at weekly intervals. The melting point, 
the refractive index, the saponification, iodine and acid values of the ether extract 
of each week were separately determined by the standard methods given in the 
Appendix at the end of the Chapter. 

The carbohydrate analysis of the carpels, seeds and lint of bolls from normal 
and ^imir-affected plants was also made. The reducing sugars, disaccharides and 
starch were separately estimated by the methods given in the Appendix at the end of 
the Chapter. In addition the lint was analysed for alpha cellulose, beta cellulose 
and gamma cellulose. 
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The results of oil contents and the different constants of oil are given in Pig. 22" 
and Table XXVI respectively. The ether extract of the seeds in the first three weeka- 
of development consisted of a waxy substance of a high melting point fluctuating 
between 62° to 56°C. The real oil formation started from the fourth week of boU 
development in the case of normal plants and of fimAj-affected plants on light sandy 
soils while oil appeared a week earlier in the seeds of ^imA;-affected plants on soils 
with saline subsoil. The oil formation ceased in the sixth week in the seeds of 
<imA;-affocted plants while it continued to increase up to the eighth week in normal 
plants, i.e, up till the bolls opened. The quantity of oil formed per 100 gm. of seeda 
in ^imfc-affected plants was less than in the seeds of normal plants. 

The melting point of the other extract was gradually lowered as the seeds 
developed till it reached a value of 2° — 3° C. at maturity in the seeds from normal as 
well as affected plants. There was an increase in the saponification and iodine 
values of the ether extract as the seeds matured indicating that the fatty acids of 
low molecular weights and the unsaturated fatty acids in the oil increased as the 
seeds developed. The values of these constants of ether extract were slightly 
lower in the seeds of /imA;-affected j^lants than in the seeds of normal plants. The 
acid value of the extract was found to decrease as the seeds developed indicating 
a decrease in free fatty acids. The ether extract of the seeds of <im^-affected plants 
showed slightly higher amounts of free fatty acids than the ether extract of the 
seeds of normal plants. 

Thus except for minor differences in the different constants of oil, the nature 
of the oil formed in normal and affected plants appeared to be the same. 

The reducing sugars, disaccharides, starch and oil contents of the seeds from 
normal and ^iVaA;-affected plants are given in Fig. 22. The most noticeable feature 
was the fall in carbohydi’ates and a rise in the oil content as the seeds matured. The 
reducing sugars and starch were present in larger amounts than disaccharides which 
were present in very small amounts. 

The carbohydrate analysis of the carpels (Fig 23) showed that the reducing sugars 
wore present in largest amounts. They showed a rise in the first two weeks after 
which they declined rapidly. The starch and disaccharides showed a decline at a 
later stage. 

The results described above definitely indicated that proteins and oil were 
formed from carbohydrates. The reducing sugars apj)carcd to be the main trans- 
locatory forn^ of carbohydrate utilized in the formation of proteins and oil in the 
seeds as this kind of sugar declined both in the seeds and carpels as development 
proceeded. The starch and disaccharides found in the carpels and seeds may bo 
regarded as temporary storage products resynthesised from the reducing sugars. 
These higher forms of carbohydrates appeared to bo reconverted into reducing 
sugars as the latter were being utilized in the synthesis of protein and oil. 

{ vii ) Analysis of Lint 

The carbohydrate analysis of the lint showed that the reducing sugars were pre- 
sent in largest amounts in the early stages of development (Fig. 24). 50% of the dry 
weight of lint consisted of reducing sugars in the first week of lint development. 
Lisaccharides were found to be present in minute quantities. The reducing sugar 
declined as the lint matured until they were almost absent in the fully mature fibre. 
Similar decrease in the reducing sugars in the lint as it matured was found by J ack 
and Forest (1940). 




Fig. 22. The percentages of reducing sugars, disctccharides; starch and oil in the 
seeds of bolls at different stages of development from normal plants and tirak^skUeoted plants 
from the two soil types. 

Fig. 23. The percentages of reducing sugars, disaocharides and starch in the carpels 
e'f bolls at different stages of development from normal plants and Hrak-affeoted plants on 
tho two soil types. 
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The progressive decline in the reducing sugars was accompanied by an increase 
in the cellulose content of the lint. Thus it was evident that cellulose was formed 
from the reducing sugars. This was not improbable as the cellulose molecule was 
made up of a number of dehydrated glucose molecules. 

The analysis of cellulose of the lint revealed that it was mainly composed of 
alpha cellulose, while beta cellulose and gamma cellulose were present in very small 
amounts (Fig. 24). 

The cellulose content of lint from <tVaA;-affected plants was found to be less on 
percentage dry weigljit basis than the cellulose content of the lint from normal plants. 
The lint in the case of normal plants contained 90.60% of cellulose, while the lint 
from affected plants from the soil with saline subsoil and the light sandy soils 
contained 82% and 76% of cellulose respectively. 

The lint of tirak-affected plants is though known to be weak, it is not found to 
suffer in length. The decreased cellulose content of the lint in tirak-affected plants 
indicated that the fibre did not grow in thickness by the deposition of cellulose on the 
original cell wall to the same extent as it did in the case of normal plants. The 
celullose contet nof the lint was, therefore, lowered in the former as revealed by the 
technological tests carried out on the lint of the normal and tirak-aSected plants 
(Table XXVII). 

Table XXVII 

Technological properties of lint jrom normal and tirak-affected plants 



Matubity Counts 


1 

Length 

in 

inches 

Fibre wt. 
—6 

10 gm. 

%of 

mature 

fibres 

% of half 
mature 
fibres 

%of 

immature 

fibres 

Normal plants 

0.79 

0.172 

76 

10 

14 

TimA:- affected plants on 
soils with saline sub- 
soil 

0.71 

0.128 

48 

12 

40 

Tirak-affeoted plants on 
light sandy soils 

0.71 

0.114 

38 

18 

44 


There was no appreciable difference in the lint length but there was marked 
difference in the fibre weight per unit length. The fibre from normal plants weighed 
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more per unit length than the fibre from <tmA-affected plants. Thus the conclusion 
that the lint of tirak^aSected plants did not grow in thickness by the deposition of 
cellulose to the same extent as it did in the case of normal plants was again 
confirmed. This was also clear from the maturity counts given in Table XXVIT. 
The lint of tirak-aSected plants was found to contain a higher proportion of im- 
mature fibres than the lint from normal plants. The immaturity of fibres can 
be associated with the immaturity of the seeds as once the seeds ceased to deve- 
lop, further growth of the fibres on the immature seeds would automatically 
cease. 


{viii) Conclusions 

• 

The study of the physiological chemistry of firafc-affected cotton plants on 
the two types of soils showed three common biochemical features. They were: 
(1) low potash content in the leaves and carpels, (2) depressed protein synthetic 
activity and (3) decreased oil formation in the seeds. No dilferences in the carbo- 
hydrate contents of either the carpels, seeds or lint of the normal and tirak^ 
affected plants were found to exist. It was, therefore, clear that an insufficiency 
of the carbohydrate supply was not responsible for a depression in the protein and 
the oil synthesis in the seeds of tirak-affected plants. There was also evidence to 
show that nitrogen was not acting as a limiting factor in the synthesis of proteins 
in tirak -affected bolls. Though the nitrogen content of the leaves of A;- affected 
plants was lower than that of the leaves of normal plants, the ease was different 
with the bolls. An accumulation of nitrogen in the bolls from tirak-aSeoted plants 
from soil with saline subsoil was found to occur though the synthesis of proteins was 
depressed. It was also demonstrated in Chapter III that the immaturity of seed 
in tirak-aSecied plants on light sandy soils was not related to nitrogen content. 
Thus low potash may be reckoned as the starting point of the internal disorder setting 
in tirak-aSectod plants. The low potash content gave rise to a depression in the 
synthesis of proteins and consequently to the development of immature seeds with 
immature fibre. Many instances have been known and already quoted before where 
potassium deficiency was found to inhibit the synthesis of proteins in plants and 
to cause immaturity of seeds. 

The deficiency of potash in tirak-aSected crop on the two soil types developed in 
a different manner. It was shown that the uptake of potash by the crop on light 
sandy soils was reduced on account of a deficiency of nitrogen in the soil. The 
deficiency of potash in affected crop on soils with saline subsoils on the other 
hand developed as a result of the physiological drought which interfered with the 
normal absorption of nutrients. The common symptom, viz,, immaturity of seed, 
therefore, developed in plants on both soil types though the symptoms exhibited 
by the leaves of tif a /c -affected plants on the two soil types were found to differ. 
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(it;) Methods used ik plaet akaltsts 


(а) Minetala 

Estimation of total nitrogen.— kjeldahl salicylic acid method modified to in- 
clude the nitrate nitrogen (OfiEicial). 

EatinuUion of Phosphoiic acid. — ^Phospho-ammonium molybdate volumetric 
method (Official — modified). 

Estimation of Potassium. — Oobaltinitrite volumetric method. Milne, G. (1929) 
J. Agric. Sc. 19 : 641 (modified). 

Estimation of Calcium. — Volumetric oxalate method. (Official). 

Estimation of Magnesium. — -As Magnesium-Pyrophosphate (Official). 

Estimation of Sulphur as Sulphate. — Barium sulphate method, modified to 
include organic sulphur (Official). 

Estimation of Chlorine as chlorides. — Titration with silver nitrate— volumetric 
method (Official). 

Estimation of Iron. — Thiocyanate colorimetric method (Official and Tentative.) 

(б) Oils:- 

Estimation of total oil.— Petroleum ether extraction (Standard method). 

Estimation of iodine valv^ Wij’s modification of the Hubble’s method as given 
in Jamieson’s (1932) ‘Vegetable Oil and Pats.’ 

Estimation of melting point, saponification value, acid value and refractive 
index : (Standard methods). 

(c) Carbohydrates 

. Estimation of reducing sugars and total sugars,— Shaffer Somogyi’s method 
modified by Heinzo, P. H. and Murneek. A.E., (1940) Research Bulletin 
No. 314, University of Missouri, Columbia. 

<<*) Protein Analysis 

Estimation of total wifrogrew.— Kjeldahl salicylic acid method modified to in- 
clude the nitrate nitrogen (Official). 

Estimation of total soluble nitrogen.— heonard, A.O., (1936) Plant Physiol; 
11; 25-61. 

Estimation of nitrate nitrogen. — -Prear, D.E. (1930) Plant Physiol; 5, 359-371. 

Estimation of ammoniacal nitrogen. — Schlenker, F.S. (1932) Plant Physiol; 
685-695. 

Estimation of amide nitrogen. — ^Tottingham, et al., (1936) Plant Physiol; 10 
393-398. 

Estimation of Alpha-amino nitrogen. — ^Van-Slyke’s standard method (modified) 

Estimation of Diamino and Basic nitrogen . — Phosphotungstic acid method — * 
Leonard, A. O. (1936) Plant Physiol; ii, 25-61. 
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REMEDIAL MEASUBES FOR 

It was shown in Chapter III that the application of sulphate of ammonia to 
light sandy soils prevented the development of tirak symptoms in 4P American 
cotton. Premature yellowing and shedding of leaves did not occur, the opening 
of bolls improved considerably and the yields of seed cotton also increased. It 
has been already discussed that tirak symptoms also develop on soils with highly 
saline or alkaline subi^il and it would bo shown below that the application of sul- 
phate of ammonia to such soils did not ameliorate tirak. This was to be expected as 
the nature of the disorder that leads to tirak condition on this typo of soil was different. 
The plants develox)ed the symptoms of drooping and shedding of leaves and, there- 
fore, the bad opening of bolls was the consequence of a disturbance in their water 
relations. The application of nitrogen would not, therefore, remedy the trouble. 

In the case of the second soil type, the high concentrations of sodium salts 
occurred at a depth of three feet from the soil surface i.e., the seat of trouble was 
the subsoil. The application of any remedial measure to counteract the toxic 
effect of these salts or to wash the salts down from the feeding zones of the roots 
was, therefore, difficult. To neutralize the toxic effects of sodium salts, gypsum is 
generally applied but the movement of gypsum in the soil is extremely slow. It 
would take a number of years and need frequent irrigations and more than one 
ax)x)lication, varying according to the physical properties of the soil, before gypsum, 
would reach the saline subsoil. The time and the cost of amelioration would, there- 
fore, make it an almost impracticable prox)Osition. The remedy of washing down 
the sodium salts from the feeding zones of the roots by moans of flooding or rice 
cultivation was also of limited application as its effectiveness would depend on the 
thickness of the soil crust containing salts. If the soil crust was only al'Oiit 5 to 
6 feet thick after which the sand layer was present the salts could be washed down 
to sand layer from which the rise of salts would not occur. In fact such w^ashing 
down of salts had already been found to occur under irrigation in fields which had 
sandy layers at a depth of 5 to 7 feet but if the soil cnist was of greater thickness 
the task of washing the salts to the sandy layers would become more and more 
difficult and there was always a possibility of the salts to rise again. 

The soils with saline subsoils were interspersed, not infrequently, with light sandy 
soils deficient in nitrogen and with those possessing normal subsoils. The appli- 
cation of any remedial measure to ameliorate saline subsoils was thus fraught with 
difficulties, for such a measure would have to be apx)lied to parts of an area where 
it was not required. As for instance if flooding was done to wash the salts downwards, 
it would also leach from the feeding zones of roots, the important nutrients of the 
non-saline and light sandy portions. This would lower the soil fertility. 

In view of the great soil heterogeneity that was found to prevail in the American 
cotton growing tracts of the Punjab, the remedy for the amelioration of tirak should 
be such that it would ameliorate tirak occurring on both the soil types and at the 
same time it would not adversely affect the growth of the crop on normal lands where 
tirak did not occur. 

If a strain of American cotton resistant to the development of tirak could be 
found it would, undoubtedly, be the best way of meeting the situation. All strains 
of American cottons, as will be shown later, have however been found prone to 
tirak. The only alternative to minimize the damage caused by tirak was to place 
the crop in a position so that it did not suffer from a deficiency either of nitrogen 
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or of water or both, at the time of fruiting. A reduction in the plant size, was therefore, 
conceived to be a practical way to attain this end. By reducing its vegetative 
structure, the crop may be able to function normally on the two soil types and it 
may not develop tirak symptoms. 

The most natural way to reduce the plant size was to shorten the vegetative 
period of the crop by delaying the sowings of cotton for a period to be determined 
experimentally. The delay in sowings was expected to reduce the size of the crop 
and its demand for water or nitrogen would consequently be reduced. The cotton 
sowings generally began in the first week of May and it was considered of interest 
to study the effect of June-sowings on plant size and consecfuently on tirak on soil 
with saline subsoils. 

(i) Amelioration of Tirak on Sandy Loam with Saline Subsoil 

The field where subsoil salinity was found to be present in patches and where 
tirak was observed in the preceding season, was selected in 1937 for conducting the 
experiment. The field was divided into 48 sub -plots in December, 1937 (Fig. 7). The 
following six sub-plot treatments were under comparison: (1) Control, (2) flooding, 
(3) 1000 lb. of gypsum followed by flooding, (4) 246 lb. of sulphate of ammoma+ 
287 lb. of super-phosphate at sowing, (5) treatments 3 and 4 together and (6) 10 
tons of farmyard manure. Two dates of sowing were allocated to 8 main plots. 
Early sowing was done on 5 — ^6th May, 1938, and late sowing on 15 — 16th June, 1938. 
The details of this experiment have already been published (Dastur and Mukhtar 
Singh, 1942.) 

The crop in each plot was under close observation throughout the season. In 
September the May-sown cotton plants began to show drooping symptoms irrespective 
of the other sub-plot treatments mentioned above, while no drooping of leaves occurred 
in any one of the plots which were sown in June. The drooping of leaves was 
followed by excessive defoliation in the May- sown crop. The leaves of the plants 
under the two sowings presented striking differences in colour and appearance at 
the fruiting stage. They remained dull and blackish- green in the May-sown and 
were green and fresh in the June-sown. 

The date of flowering in the June- sown crop was only shifted forth by 12 days 
even though the interval between the two dates of sowing was about 40 days. The 
flowers were mostly aggregated to the tips of branches (Fig. 25) in the May-sown 
crop, while in the June-sown they were distributed from the lower to the topmost 
part of each branch (Fig. 26). The results of weight of seed cotton per boll and 
the yield per plot are given in Table XXVIII below : 

Table XXVIII 


Average weight of kapas per boll in gm. 



Con- 1 
trol 

1 Gyp- 1 

sum 

Flood- 

ing 

NP 

1 

Gypsum 

+NP 

F.Y.M. 

Mean for 
sowing 
dates. 

Dlff. 

C. D.' 

May-sown 

June-sown 

l.SO 

2.36 

1.95 

2.20 

1.95 

2.32 

1.78 

2.42 

1.86 

2.29 

1.87 

2.21 

1.88 

2.80 

j 0.42** 

0.25 

May-sown 

June-sown 

Average yield in lb, per plot {1/153 acre) 

1 7.5 1 8.8 1 9.2 1 8.2 . 7.8 | 7.5 

1 15.8 1 14.2 1 14.7 1 ie.4 j 15.4 18.6 

1 8.1 
14.1 

I 6.0**j 

1 2.3^ 


** Significant at 1 per cent, level of significance. 





tiG. 25. The May -sown 4F American plant showing the aggregation of flowers and bolls at the tips of branches (leaves removed). 





Fig. 26. The June -sown 4F American plant showing that the flowers and bolls are well 
spaced from the lower to the topmost part of each branch (leaves removed). 
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The performance of the June-sowings (Eig. 28) was markedly superior to that of 
the May-sowings (Eig. 27) both in regard to the maturity of seeds and the yields. 
The seeds in the late-sown crop matured better than those in the May-sown crop. 
The weight of seed cotton per boll in itmfc-affected plants in the May-sown crop was 
generally much lower than the value recorded above. In this particular field the 
salinity in the subsoil was not uniformly distributed over the entire area but was 
present in patches. The weight of seed cotton per boll on such patches was found 
to be about one gram. The weight of haposj^tr boll in the June-sown plants, grow- 
ing under similar conditions of salinity, was much higher than one gram. The 
yield of the Juno»sown crop was about 86% higher than that of the May-sown 
crop. The other treatments given to the soil for remedying the saline subsoils did 
not produce any effect on tirah as can be seen from the Table XXVIII. 

Further experiments with June-sowings revealed that though tirak was invariably 
remedied by June-sowings, the increase, in yield did not always occur. In some 
cases, late June-sowings gave a lower yield as compared with the May -sowing. 
Yield depends on two characters, (1) the number of bolls produced by the plant and 
(2) the size of each boll [i,e. weight of kapas per boll). By deferring sowings to June 
even though tirak was remedied the number of bolls produced was lowered on 
account of reduction in the size of the plant. Wherever the loss, through boll num- 
ber, outweighed the gain through boll weight resulting from late sowings, the yields 
were adversely affected. 

The cotton plants in the Punjab are generally sown in rows which are 3 ft. 
apart from one another. The distance from plant to plant in each row is generally 
1^ ft. The reduction in yield caused by a decrease in boll number in June-sowings 
can be avoided by sowing the crop at 2 ft. distance instead of at 3 ft. The plant 
to plant distance should also be reduced according to the sowing date in June. As 
the plants sown in June are smaller in size than the plants sown in May, greater 
number of plants can be successfully grown in the same area. The disadvantage of 
reduced tboU production per plant could thus be removed by increasing the plant 
number and in additon tirak would be remedied. 

June-sowings were tried primarily with the object of reducing the water re- 
quirement of the crop at the fruiting stage by cutting down the total transpiring 
leaf surface. It may, however, be surmised that the leaf area per acre of a closely 
spaced June-sown crop may equal the leaf area of the May-sown crop spaced at 
normal distance, and thus little difference might actually result in the water require- 
ment of the two sowings. This was not, however, found to be the case in practice. 
Actual measurements of the leaf area per plant of the May-sown and June-sown 
crops were made in 1941 -42 cotton season on soils with saline subsoil. These determi- 
nations were made on a 5-plant sample from each of the five plots. The maxi- 
mum leaf area per plant in the May-sown crop was 11809 sq. cm., while the maxi- 
mum leaf area per plant of the Jime-sowncrop was 401 7 sq. cm. Even if the num- 
ber of plants per acre in the June-sown plots was doubled, the total leaf area per 
acre would still be less than the total leaf area per acre when the crop was sown in 
May. The absence of drooping symptoms in the late sown crop, as mentioned 
already, further confirmed the view that the water requirements of the late sown were 
adequately met. Even if the total leaf area in the June-sowings were to equal the 
total leaf area per acre in the May-sowings, the individual was more important from a 
physiological point of view than the leaf area per acre, so long as the balance between 
the supply and demand of water of the crop was maintained. 
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The application of extra water during the fruiting stage appeared to be a possible 
remedy for lessening the damage caused by tirah on soils with saline subsoils as 
by thiis method the upper non-saline layers of the soil would be kept suj£ciently 
moist to meet the nee^ of the crop. Extra water can either be given in the form 
of heavier* waterings or more frequent waterings than normal. An experiment 
was, therefore, laid out in the cotton season of 1939-40 to determine the effects of 
sowing date, spacing, extra watering and nitrogen on the opening of bolls and the 
yields on a field with a saline subsoil. A 24 factorial experiment was designed in 

which all combinations of | ^ j | g2 } { w2 } { n } tried (dl=crop sown 

on 14th May, d2==crop sown on 21st June, sl=2ft. x I 82=2 Jft. x 2^ft., wl=nor- 

mal watering, w2= heavy watering from mid- August tp mid-October and n=50 lb. 
N in the form of ammonium sulphate applied in August). The layout was 8x6 
quasi-latin square (Excpt. No 8 — see Appendix at the end of the Chapter IX). 
An attempt was made to minimise the effects of soil heterogeneity by eliminating 
two-way systematic soil variations by adopting the method of confounding high 
order interactions along the rows and columns. The resiilts of the weight of seed 
cotton per boll (opening) and of yields are given below: 

Table XXIX 


Treatments. 


Weight of 
I kapas per 
I boll in gm. 


DiffVrencc 
with S. E. 


Yield in 
mauuds 
p. a. 


Difference 
with S. E. 


Weight of 
stems in I 
marmds p. a. 


Diffcrcnec 
with 8. K. 


1 ’ d2(21/6) 


1.47 

** 

0.18 +.064 

13.82 

1 

! 0.39 + 1.06 

dl (14/5) 


1.29 

13.43 

1 

w2 


1.45 

0 14+.064 

li> . 35 

1 ** 

I 46+1.06 



1.31 


11.89 


n 


1.36 

[— 0.03+.064 j 

13.41 

j— 0.41 + 1.06 

o 


1.39 


1 13.82 

si 


1.43 

0.10+.064 

15 35 

1 •• 

1 3.46+1.06 

^ s2 

•• 

1.33 


11.89 

1 


22.92 

64.09 

45.62 

41.40 

43.15 

43.87 

48.67 

38.34 


** 

—41.17+2.39 

4.22+2.39 

—0,72+2.39 

** 

10.33+2.39 




dl. 

d2. 

Diff. ! 


1 

dl. 1 

d2. 

Diff. 


dl. 

1 d2. 

Diff. 



(14/6) 

(21/6) 

^.091 1 


14/5 

21/6 j 

1 ±.1-50 


14/5 

1 21 /6 1 

+3.38 

2 

' w2 . . 

1.42 

1.48 

0.06 

w2 . . 

16.77 1 

13.94 1 

—2.83 

w2 . . 

68.6 

22.65 

-t' 

1 


wl . . 

1 15 

*« 

1.46 

•* 

0.31 

wl 

10.09 1 

13.70 

+3.61 

wl .. 

59.6 

* 

23.20 

• * 

—36.40 

Qpe; 

Difif. . . 

0.27 

0.02 


Diff... 

6.68 1 

0.24 


Diff... 

9.0 

—0.65 


pq 






t 







H 

J. 


1 +0.091 



+1.50 





+3.38 


A study of Table XXIX will show that both the ameliorative measures, deferred 
sowings and heavy waterings, significantly increased the weight of seed cotton per 
boll, indicating better opening of boU i.e. less of tirak. The interaction of sowing 
dates with waterings, D. W. was significant, showing that the opening of bolls in the 
May-sown crop was greatly improved by heavy watering, while the late-sown 
crop showed no further improvement in opening by the extra application of water, 


♦ Heavy watering=^ Plots irrigated again after 24 hours. 








Fig. 27. Tho May-sown 4F crop on sandy loam with saline subsoil showinjj: “badly 
opened” bolls. 



Fig. 28. The June-sown American 4F crop with “well opened” bolls on a sandy loam with 
saline subsoil. 
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as the improvement in opening obtained by deferred sowings alone was of a high 
magnitude. The plants under late sowings did not also require extra water as no 
disturbance in the water balance occurred in the late-sown crop. This was also 
indicated by the absence of drooping of leaves in late-sowing. 

The generalised efE'ect of spacing on yields was positive and significant, indicat- 
ing that the yield under close spacing was higher than that under wide spacing. 
Though the interaction of dates and spacing (D x S) did not come out significant it 
may be seen that the late-sown crop benefited more by close spacing than the 
early-sown (Table 

The main effect of spacing derives its significance from the significant effect 
of close spacing in d2 only, the effect of close spacing under dl alone being non- 
significant. 


Table XXX 



Wt. t)f8( 

‘f‘d cotton per boli 1 
111 gm. 1 


' VicM 

in inauudb 

p. a 

; 
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1 

j 
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1 

d2. 
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1 


; .11. 1 

1 

1 1 

Mean. 

1 

1 

dl. 

d2 

; Difl. 

, +1 50 
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IV r= 

* 12 SI 

11 02 ' 

13.41 

'h2- 
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11 30 

1+1 00 
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1 

1 31 

1 IS 

1 30 

0=. 

' 14 04 

1.1 01 

13 S2 

;.si = 
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10 27 
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i 

1 

i 

i 

. j 


1 ( + 1..')0)| 

4-2.02 

** 

4-4 'h 
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The generalised effect of watering on yields was significant at 1% level of sig- 
nificance and the interaction between sowing date and watering was also significant 
(Table XXIX). The early sown crop profited considerably by extra applications 
of water, while no benefit accrued to the late-sown. The increase in yield duo to 
heavy watering in the former was 6,6 maunds per acre, while the increase was prac- 
tically nil in the latter. Thus extra watering had helped the early-sown crop both 
in increasing the yields and the weight of seed cotton per boll, while similar ad- 
vantage from heavy watering was not derived by the late-sown in any case. 

The results discussed above clearly indicated that tirak occurring on soils 
which have a saline subsoil could be ameliorated by either reducing the water 
requirements of the crop by means of deferred sowings or by the application of extra 
water from the beginning of flowering phase so that the upper non- saline layers may 
adequately meet the demand of the crop. The first remedy of deferred sowings is 
to be preferred to the second remedy as the former enables the crop to meet its 
own demands for water without external aid. The former is also a more practical 
remedy than the latter as the water supply is usually limited. There was considerable 
observational and experimental evidence to support the view that the late-sown 
crop was better adapted to its edaphic and climatic environment than the early- 
sown (May-sown) crop, The late-sown crop showed no symptoms of water star- 
vation and consequently was able to mature its crop of bolls under saline conditions 
of the soil or under unfavourable conditions of weather or both. A late-sown plant 
was thus in physiological equilibrium with its environment and was able to stand the 
vagaries of weather which many a time was dry and warm during the fruiting period. 
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It was also a more efficient organism than a May-sown plant. It produced more 
of seed cotton in proportion to its size than what an early-sown plant did. The 
latter exhausted itself in the vegetative growth and, by the time bolls were formed, 
it had already reached a stage of senescence. A slightly higher temperature than 
normal for a brief spell of three weeks or so was sufficient to upset its metabolic 
processes on such saline subsoils, for the plant had lost its capacity for adjusting 
itself to such changes in its environment. No particular advantage was also gained 
by the sowing of the cotton crop in May even on non-saline soils as the flowering 
phase did not set in early in the early-sown and if it did, such flowers did not deve- 
lop into bolls and were generally shed. The onset of flowering was not propor- 
tionately delayed as the sowings were delayed; a shift in the date of sowing did 
not materially influence the main flowering period which occurred in the month of 
September. Early-so wings will be advantageous only when the flowering period is 
also considerably prolonged. A long flowering period would enable the crop to 
mature a larger number of bolls than what they do. But as the matters stand 
the early-sown crop becomes unbalanced with a long vegetative phase and a short 
reproductive phase. This lack of balance between the two phases results in a low 
efficiency in the production of seed cotton. 

The June-sown crop however, suffered from one disadvantage as compared 
with the early-sown crop. As the vegetative phase was shortened the bearing 
points were reduced, resulting in reduced number of bolls. But this disadvantage 
was counteracted by closer spacing of plants, i.e., by increasing the number of plants 
per acre. This measure made up for the decrease in bearing of the late-sown plant 
and the crop became at the same time less susceptible to tirak on saline subsoil 
and produced better quality of lint. 

It may be of interest to observe that Trought (1930), the then Cotton Research 
Botanist, Lyallpur, published his observations on sowing date experiments on the 
basis of which he concluded that the crop sown in the first fortnight of J une would 
have a greater rate of growth and increased flower and boll production than the 
crop sown in May. The reverse has, however, been found to be the case. This fact 
of decreased boll production can be deduced from his own experiments (Trought, 
Afzal and Iyer 1931). Their yield results, given below, showed that there was a 
decline in yields as the sowing date advanced. 


Yield of in lb, per acre for three sowing dates. 


24th March. 1st May. 9th June. 

156.2 134.7 86.3 


It was evident from these results that there was no increased boll production 
as the sowings were delayed. The decrease in yields as the sowings were delayed 
must be due to a decrease in bearing as the spacing factor was not introduced. The 
relationship between sowing date and spacing has been very conclusively demon- 
strated by field experiments conducted in the course of this investigation. The 
sowing date experiments conducted by him were also not laid out from the point 
of view of amelioration of tirak as the causes of tirak were not known at that time. 
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( ii ) Ambliobation of TirtHc on Light Sandy Soils Deficient in 

Nitrogen. 


The ameliorative effect of late sowings on tirak caused by deficiency of nitrogen 
has already been pointed out in Chapter III. Adoption of late sowings on such 
light sandy lands aimed at economic utilization of available nitrogen in the soil, 
by reducing the plant size. It was shown that the concentration of nitrogen in leaves 
was maintained at a higher level at the fruiting time in the June-sown crop as com- 
pared with the leaves of the May-sown crop (Table VI in Chapter III). There was 
also great improvement in yield (Table VII). A factorial experiment designed to 
study the effect of sowing date, nitrogen, water supply and spacing on the vegetative 
and the reproductive characters of 4J’ Punjab -American cotton was conducted 

during 1939-40. The treatments comprised all J 1 } i y J 

combinations of : 1 j ^ ^ 1 ) \s2 ^ 

where 12/5/39, d2 — 2/6/39, d3=22/6/39, o— no nitrogen, 7i=50 Ib.N on 
14/8/39, w\ — -normal watering, ii?2n=heavy watering, 5lr=2ft. x IJ ft. and52™2|ft. 
X 2|ft. spacings. The layout was a balanced arrangement with six twelve-plot blocks. 
High order interactions were partially confounded. 

It was again found that the delay in the sowing of cotton by a given period did 
not cause an equal delay in the onset of the reproductive phase. The commencement 
of flowering was shifted forth by about six days with a delay in sowing by 20 days. 
The peak and the cessation of flowering were still less affected by the delay in 
sowing. 

The resultvS of the experiment have been fully discussed in a separate paper 
• (Dastur and Mukhtar Singh, 1943) and only important and new features are sum- 
marised here. Ttecords for height, node number, internodal length, dry weight, 
flowering, boll number, boll weight and yield were maintained. 

Table XXXI (Expt. 10 in Appendix). 



Flowers 

per 

sq. yd. 

Hetting 

percent- 

age. 

BoU No. 

per 
sq. yd. 

Boll 
weight 
in gm. 

Yield 
in mds. 
p. a. 

di (12/5) 

260.7 

25.45 

55.10 

1.365 

11.17 

dz (2/6) 

203.0 

29.39 

54.47 

1.515 

12.01 

da (22/6) 

131.9 

36.28 

45.42 

1.573 

9.66 

S, E 

+6.12 

+0.75 

+ 1.73 

+0.039 

+0.425 

n 

238.9 

30.34 

60.29 

1.620 

13.95 

o 

158.1 

30.41 

43.04 

1.349 

7.95 

S.E 

+5.00 

+0.62 

+ 1.41 

+0.032 

+0.347 
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There was a progressive decrease in flower production with the delay in sowings 
but the effect of dates on the setting percentage was the reverse of that of flower 
production (Table XXXI). The percentage of flowers maturing into bolls increased 
steadily as the sowing date advanced. Thus the disadvantage of reduced flower 
production under late sowing was partly met by the increase in the setting percentage. 
Though the bolls were nearly equal in the first two sowings there was still a 
substantial decrease in their number in the third sowing. The effect of dates on 
boll weight was different from that in the case of flower production. The boll 
weight increased as the sowings were delayed. The second sowing, therefore, gave 
the maximum yield while the yield in the third sowing continued to be lower 
than the yields in the first two sowings on account of a decrease in bearing. The 
reason for the decrease in yield in the third sowing is explained below: 

Nitrogen significantly increased the flowers, the bolls, the boll weights and 
the yields but the percentage of flowers set into bolls was unaffected (Table XXXT). 
There was a mean response on yields of six maunds of seed cotton per acre in 
the presence of nitrogen. The three sowings, however, did not behave alike in 
their response to nitrogen. The first two profited equally but the magnitude of* 
increase in the third was much lower (Table XXXII). 

Table XXXII. 


1 

i 

Boll Nvuubcr. 

t 

Yield in luaundB p. a. 


Wt. of seed cotton per boll 
in Km. 


rfl j 

1 (12/5) 

dZ. 

(2/6) 

dz, ; 
(22/6 1 


dl, ! 
(12/5) 

rf2. 1 
(2/0) 

dS. 

(22/6) 


dl. 

(12/5) 1 

d2. 1 

(2/6) j 

d3. 

(22/6) 

0 

! 45.6 

1 

43 66 

39.0 

» .. 

7.25 

8.67 

8.02 

0 

1.125 

1.375 

1.548 

n j 

64.6 

65.30 

51 0 

n 

16.10 

16.45 

11.31 

n 

1.605 

1 . 665 

1.599 

i 

** 

«• 

• * 


«• 

•« 

*» 


** 

«* 


n-0 . . 1 

(+3.44) I 

+19.0 

+21.64 

+11.1 

n-0 

(+0.85) 

+7.85 

,+6.88 

+3.29 

n-0 . . 

(+0.079) 

+ 0.480 

+0.280 

+0.0.51 


56.2 

54.9 

53.2 

1 

»1 

11.22 

12.20 

10.53 

«1 

1.37 

1.52 

1.56 

«2 

54.0 

54.0 

37.6 

«2 

11.13 

11.82 

8.79 

82 

1.36 

1.51 

1.58 




*« 




«« 





#l-«2 

(+3.44 

+2.2 

+0.9 

+15.6 

«l-«2 . 
(+0 85) 

+0.09 

+0.38 

+1.74 

81-82 

(+.079) 

+0.01 

+0.01 

—0 02 


This was partly due to a greater increase in boll number under nitrogen in 
the first two sowings than in the third one. The fall in boll number in the third 
sowing as compared with the first two sowings was much lower in the absence of 
nitrogen than in its presence (Table XXXII). 

The improvement in the boll weight through nitrogen fell off progressively as 
the sowings were delayed. This was because the boll weight increased with the 
delay in sowings only in the absence of nitrogen. The last sowing, therefore, was 
the least benefited by nitrogen application. 

The differential responses to nitrogen in boll number and boll weight under 
different sowings were reflected in yields. The increase in yield in presence of nit- 
rogen became less and less marked as the sowings were delayed (Table XXXII). 
The second sowing gave the maximum yield both in the presence and the absence 
of nitrogen while the third sowing was the next best in the absence of nitrogen and 
the first sowing in its presence. 
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No advantage acorued to the first two aowii^s in either the boll number or 
the yields by adopting close spacing while the third sowing definitely profited by 
close spacing (Table XXXIl). Thus close spacing of plants was again found 
to be essential for the late sowings. The close spacing adopted in this experiment 
did not jJrove sufSciently close for the third sowing to bring up the level of its 
yield to that obtained in the first two sowings. The decrease in yield by wide 
spacing in third sowing was mainly duo to a decrease in bearing as the boll weight 
was not affected. 

Though the application of nitrogen was found to be a better measure than the 
June-sowings from thp points of view of yields on light sandy soils, both were equally 
effective for ameliorating tirak. The level of yield was actually the higest in the 
third sowing without nitrogen under close spacing as shown below (Table XXXIII). 

Table XXXIII. 

Yield in maunds per acre. 



1 

di (12/5). 

di (2/6). 

da (22/6). 

si 

7.19 ' 

1 

1 

7.68 

1 

8.17 

s2 

7.31. 

9.47 

7.87 

sin 

15.24 

16.73 

i 12.90 

1 

s2n . . 

14,95 

14.17 

9.71 

1 

1 

1 


{Hi) Amelioration of TIRAK on Light Sandy Soils with Saline Subsoil. 


There were fields in the Punjab where both the tirak promoting soil conditions 
were found to occur and it was necessary to study the performance of June-sowing 
or of the application of nitrogen on such fields. The effect on tirak and on yield can 
be seen from the following experiment conducted on such a field at the Lyllapur 
Agricultural Farm in the cotton season of 1939-40. There were two new features 
in the experiment. Firstly, desi cotton was included along with 4F and secondly 
the manure, superphosphate plus potash (PK), was tried as a treatment in order 
to confirm the previous findings that these two inorganic fertilizers had no effect 
on tirak or yields. To the main plots were allocated 8 combinations of three factors 
at two levels each ; two varieties (vI=4F, v2=desi), two sowing dates (di--6th 
May, d2 — -lOth June) and two levels of mixture of superphosphate + pot ash (control 
vs 501b. PgOs-j- 50lb. K 2 O per acre applied on 4th August). The main plots were 
split for two levels of nitrogen (control vs. 25 lb. N applied on 4th August) and 
each subplot thus formed accommodated two spacing types ( 5 I— 2 ft., x ft., 
^2=2ift. X 2Jft.) It was thus a randomised block design with split plot arrange- 
ments. AU the main effects on the basis of the statistical analysis of the data 
colleoted from this experiment are given in Table XXXIV. 
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Table XXXIV (Expt. 12 in the Appendix}. 
Main effects with differences and 8,E, 


Wt. of seed cotton 
per boll in gm. 


Boll no. per sq. yard. 


Yield of seed cotton 
in maunds per acre. 


n 

= 1.43'| 

1 

1 n 

= 76.36 " 

1 ** 

n 

= 13.26 

1 *• 



^+0.07 + 0.046 

I 


V + 14.34+4.19 



y + 3.32+0.32 

0 

= 1.36j 

I 

: 0 

=61.01 J 

[ — 

0 

= 9.94 ^ 

1 

d2 

=:1.6n 

1 

d2 

=72,22 1 

1 ** 

d2 

= 13.61 1 

** 


1 

^+0.43+0.062 



^ + 8.09 + 3.12 



^ + 4.02+0.64 

dl 


1 

dl 

= 64.13 J 

f 

dl 

= 9.69 J 

1 - 

v2 

=1.471 

1 * 

1 v2 

= 83.79 1 

1 

v2 

= 14.32 1 



1 

^+0.15 + 0.062 

I 

1 


^ + 31.22 + 3.12 



^+5.44 + 0.54 

vl 

= 1.32 J 


vl 

=52.57 J 

( " 

vl 

= 8.88 J 

I — 

el 

= 1.381 


8\ 

= 63.11 'I 


el 

= 11.49 '1 



I 

t 

^—0.03 + 0.062 


1 

J.— 10.14 + 3.41 


1 

I 

0.22+0.22 

82 

= 1.41 J 


e'2 

= 73.25 J 


e2 

= 11.71 J 



Nitrogen did not ameliorate tirak but affected the boll nund^er favourably and 
thereby the yield. There was a substantial increase in yield by mte sowing mainly 
through improvement in the opening of the bolls and partly through increased 
bearing. Desi outyielded significantly 4E Punjab -American because greater number 
of bolls of the former matured normally. In the case of 4P not only were the 
bolls fewer in number but they were also affected by tirak in the early-sown. It 
may bo noted that the normal boll weight of desi cotton is about 1 .5 gm. and that 
of 4F is 2.0 gm. 


The relation between sowing date and spacing is given in Table XXXV below. 
The early- sown crop produced the same number of bolls at both the spacings 
provided, but a great increase in boU number occurred under the late-sown crop 
closely spaced. This effect appeared as a significant interaction on boll number 
and was simultaneously reflected on yield. Boll weight, however, improved by 
late sowing irrespective of the spacings. 


Table XXXV. 


Interaction : sowing dateX spacing. 



Number of bolls 
per sq. yd. 


Boll weight in gm. 

1 


Yield of seed 
cotton in 
maunds per acre. 





dl. 

d2. 


1 

j dl. 

d2. 

«1 (close) 

64.27 

82.22 

el 

1.169 

1.695 

i 

el 

9.14 

14.28 

e2 (wide) 

64.00 

62.22 

82 

1.187 

1.627 

e2 

10.04 

12.94 



** 






** 

Diff : 82 -s1 . . 

—0.27 

—20.00 

Diff ; ir2-sl 

+0.018 

+ 0.032 

Diff : «2.8l 

+0.90 

—1.34 

+ 4.817 



+0.042 



+0.370 

1 


D.S.= —9 .*86+3. 406. 

j D.S.=+0. 007 +0,030. 

j D.S. =1 

.12+0.261. 


♦ Denotes 5 per cent level of significance.^ 
** Denotes 1 per cent level of significance. 





The improvement in the opening of l)Olls, through late sowing, on light sandy 
soil with saline subsoil, was the same irrespective of the nitrogen level and the 
spacing adopted. But the yield response to delay in sowing varied in magnitude 
to the extent the boll number component was influenced, under the varying level 
of the other factors. Nitrogen did not raise the boll weight though some gain in 
yield resulted from increased bearing under nitrogen treatment. 

As light sandy soils are also found to possess soils with saline or alkaline subsoils 
mixed up with non- saline normal subsoils, the application of sulphate of ammonia 
to these soils as a general measure for amelioration of tirak cannot be recommended. 
The late sowing on the other hand as a measure for amelioration of tirak and for 
maintaining or increasing the yield was found to be of general application. 

{iv) Ameliora^tion of Tirak in Different Varieties of Cotton. 

The experiments discussed in the foregoing pages were conducted with 4F 
Punjab -American cotton variety only. It was, therefore, necessary to extend 
the studies by introducing in such experiments a number of desi and American varie- 
ties. Such a study would disclose not only the relative resistance of different 
American strains to tirak, if any, but also their suitability for adoption for late 
sowing. 

Accordingly 18 varieties, 15 Americans and 3 desis, were included in the experi- 
ment. Out of the entire lot under trial, there were six commercial varieties, four 
Americans and two desis, while the rest were newly evolved promising strains of 
the Cotton Kcscarch Botanist, Lyallpur. 

Th(‘ layout conformed to randomised block design with split-plot arrangement. 
The entii'e area consisted of 6 blocks (320ft. x 119ft.) of 4 main plots each 80ft. X 119ft. 
Four sowing-date treatments were distributed at random to the main plots within 
each block. Two rows of 119 ft. length for each of the 18 strains were accommodated 
in each main plot. The position of varieties within each plot was perfectly random. 
Non-experimental belts w(^ro cut out on all sides at pickings to avoid border effect to 
the main-plot treatments. 

Sowings were done on 8th May, 23rd May, 7th June, and 23rd June, in di, d 2 , 
ds and d^ plots respectively. At the time of thinning, the plants were spaced closer 
and closer as cotton was sown successively later. The spacings adopted for the 
different sowings were : rfi~2ft. x 2 ft., d^—'^ ft. X l^ft., ds =2ft. x 1 ft. and ^4 = 
2ft. X 9 inch. 

Yield records were maintained throughout the picking season. Desi varieties 
had to be picked every week and thus it was not convenient to record their boll 
weights in this experiment. Boll weight determinations from sampled plants were, 
therefore, confined to 15 American varieties of each sowing (Table XXXVI). 

There was a progressive rise in the weight of seed cotton per boll with delay 
in sowing up to the third sowing beyond which there was little effect. Thus a well 
marked optimum towards the June-sowings was clearly brought out with respect 
to the opening of bolls. The magnitude of increase was sufficiently high. The 
sowing dates stood in the order dz,d^,d 2 ,di according to merit and this order 
remained virtually the same in the different varieties taken individually. This ac- 
counted for the non-significant interaction between the two factors. Improvement 
in opening in all the varieties was brought about to the same extent by delay in 
sowing. The mean boll weight of the varieties showed significant variations among 



Table XXXVl (Bxpt. 19 in the Appendix). 
Resvlta of the eosperiment at the Riealetmla Seed Farm. 
(1040-41). 




Average wt. of kapae per boll. 


Mean yield in Ib. per subplot 
(1 /108 Acre.) 




dl. 

d2. 

d3. 

d4. 

Mean 

Jh0.06 

dl. 

d2. 

dS. 

d4. 

Mean 

J-0.806 

L.8.S. . . 


1.37 

1.56 

2.11 

2.08 

1.78 

3.63 

5.03 

6.66 

6.80 

5.58 

4F 


1.16 

1.44 

1.89 

1.47 

1.40 

2.91 

4.33 

7,25 

4.34 

4.71 

289F/43 .. 


1.19 

1.74 

2.18 

1.68 

1.70 

2.98 

4.20 

5.11 

4.61 

4.23 

2S9F /K25 


1.30 

2.00 

2.22 

2.00 

1.88 

3.97 

6.78 

5.23 

4.32 

4.82 

L.S.8. early 


1.55 

1.84 

2.82 

2.22 

1.98 

4.64 

9.63 

11.27 

9.70 

8.81 

2S9F/124 


1.42 

1.84 

2.28 

2.26 

1.95 

5.26 

6.98 

7.22 

6.77 

6.56 

2S0F/126 


1.70 

2.03 

2.272 

2.48 

2.23 

5.07 

6.50 

8.14 

7.05 

6.69 

289F/127 

. . 

1.43 

1,90 

2.17 

2.26 

1.94 

4.95 

6.65 

4.10 

4.88 

5.04 

289F/144 


1.40 

1.94 

2.19 

2.08 

1.90 

A. 77 

5.90 

6.67 

5.26 

5.65 

289F/155 


0.86 

1.40 

1.60 

1.64 

1.37 

2.87 

4.91 

4.84 

4.26 

4.09 

289F/156 


1.21 

1.86 

2.37 

2.12 

1.89 

4.66 

7.61 

8.40 

6.06 

6.68 

289F /167 

. . 

1.24 

1.73 

2.14 

1.98 

1.77 

5.41 

6.90 

6.45 

5.53 

6.07 

289F /168 


1.36 

1.87 

2.35 

! 2.30 

1.97 

4.23 

7.21 

7.33 

6.40 

6.29 

289F /169 


1.88 

2.14 

2.03 

2.08 

1.91 

5.57 

8.26 

6.26 

5.47 

6.39 

289F /186 

. . 

1.12 1 

1.41 

1.87 

1.70 

1.55 

3.45 

4.77 

6.22 

5.69 

6.08 

D.C. 17 


1 

•• 




10.00 

8.02 

11.71 

10.22 

10.21 

Xol. 30 .. 







12.09 

10.74 

15.14 

13.32 

12.82 

SanK. 119 


. . 





9.24 

11.01 

12.03 

10.68 

10.71 

Mean 


1.31 

1,78 

2.16 

[ 

1 2.03 


5.29 

6.96 

7.78 j 

' 1 

6.71 


Standard Error of 
of the table (int 
and varietal effe 

the body 
sractions 
cts only). 

} 

+ 0 87 

+0.12 





+0.431 

+0.612 

L 

1 



themselves. This indicated inherent varietal differences in the boll weight of the 
different strains. Boll weight is a composite measure of the all round development 
of seed and lint of a given variety but higher boll weights in certain varieties in 
comparison to others, did not necessarily imply a corresponding reduction in the 
percentage immaturity of seeds. Varieties having large and fuzzy seeds may suffer 
to the same extent by tirak and yet may possess markedly higher seed weights due 
to more of non-essential parts, as compared with non-fuzzy strains, under similar 
soil conditions. 

The optimal value for yields was obtained in the third sowing after which there 
was a tendency for falling off in the effectiveness of further delay in sowing. This 
was attributable to a diminution in the boll number per unit area caused by a reduc- 
tion in growth. Even then, the mean yields of the fourth sowing were higher than 
tlK>se of the first sowing and compart favourably with those obtained from the 
second sowing. 





CHAPTER DC 

REMEDIAL MEASURES FOR (contd.) 

The different effects of the two ameliorative measures, viz., the application of 
nitrogen or of extra water from the mid- August on the opening and yields for the 
three types of soils, viz., (1) light sandy, (2) light sandy with a saline or alkaline 
subsoil and (3) sandy loam with a saline subsoil were discussed in the previous 
Chapter. The late sowing was also tried as an alternative measure in the ex- 
periments discussed before and was found effective under all the three tirah promoting 
soil conditions. The quality of opening was invariably improved by delaying the date 
of planting the crop and there was an increase in yield to a greater or lesser degree 
in almost all cases. The importance of the late sowing as an ameliorative measure 
consisted in the fact that its effect was not restricted to any particular tirak promo- 
ting soil condition but was of general applicability. 

The evidence in support of the above findings was collected from experiments 
conducted mainly at the Lyallpur Agricultural Farm with 4F Punjab-American 
cotton. It was, therefore, necessary to test the ameliorative effect of the late sowing 
on a wider basis by laying out experiments in the different cotton growing tracts 
in the Punjab using the commonly cultivated varieties of American cotton of each 
tract. It was also considered desirable to try out the other two ameliorative mea- 
sures of the extra application of water or of nitrogen to confirm the findings obtained 
at Lyallpur. The inclusion of one desi variety {G. Arboreum variety indicum) in 
some of these experiments was also considered of interest. The extent to which 
the different varieties would respond to the three ameliorative measures, especially 
late sowing, could thus be determined. 

The application of late sowing as a general measure for all cotton sowings in 
the Punjab was apprehended to be associated with certain practical difficulties. 
(1) If the cotton sowings are to be shifted from May to Juno it was feared that the 
date of the final irrigation to the cotton crop would have to be advanced by one 
month and such a practice would interfere with sowings of rabi crops. In the event 
of an earlier than usual canal closure this practice would prove very risky for wheat 
sowings. (2) It was apprehended that a late-sown crop would mature late and it 
could thus be exposed to damage from early frosts. (3) As the late-sown crop was 
more tender and succulent by the time the Jassid generally appeared, it was known 
to fall an easy prey to this pest in a year of heavy Jassid infestation. 

It was necessary to obtain evidence to determine if these apprehensions were 
real and to provide satisfactory solution to those which were found to be so. 

The soundness of an agricultural measure could best be determined by its 
trial under actual zamindara conditions. It was possible the results obtained under 
standard agricultural conditions on a scientifically managed farm might not come 
out 100% true on cultivators' farms. The experiments conducted on zamindars" 
farms were also of extra value in as much as they serve as centres for dissemination 
of new information gained. 

(i) Amelioration of Tirak on Zamindars’ Lands. 

The sowings of American cottons in the Punjab generally began in the first 
week of May and normally they took three to four weeks to finish. Sowings on a 
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small area sometimes continued for the first ten days of June on account of the 
interference caused by early showers of rain or unexpected canal closures. 80% 
of the total crop was, however, sown in the month of May. If the June- sowings were 
to be recommended as a general practice it was necessary to determine the optimum 
period for cotton sowings so as to reduce the damage caused by tirah as much a& 
possible without adversely affecting the yield caused by a decrease in bearing. 
Four sowing dates were, therefore, included to study the progressive change in 
the boll weight and yield with advancing sowing dates. The four sowing dates 
included in this study were, dl“2ndweek of May, d2=4th week of May, (£3= 2nd 
week of June and d4=4th week of June. In view of the established relations bet- 
ween sowing date and spacing, the spacings were progressively reduced as the 
sowings were delayed. They wore dl=2.*ft. x 2ft. ; d2=2J ft. x I Jft, , a3= 2 ft. 
X 1 ft. and(i4=2ft. x 9 in. The seed rate per acre and the spacings adopted in 
the past were the same irrespective of the sowings date. In view of the reduction in 
spacing as indicated above, the seed rates had to be progressively increased as the 
spacing was reduced in the late sowings. 

In a series of experiments, all combinations of four sowings dates, two watering 
types (normal, heavy) and two levels of nitrogen (o, 33 lb. N per acre) were tried 
in 6 blocks of 8 plots each confounding completely with block differences the second 
order interactions. Three or four varieties were accommodated in each main plot. 
Differentiation in irrigation started after manuring in August. There were slight 
differences in the net plot size under four different sowings and statistical analysis 
was made by converting the plot yields to maunds (82.2 lb.) per acre. For deter- 
mining the boll weight i.e., for judging the improvement in opening or tirak, 
two sampling units were taken each comprising of adequate number of plants, 
selected at random in each subplot. The procedure afforded a valid estimate of 
the sampling error which was found to vary from 6% to 10%. 

(a) Effect of Sowing Date, Nitbogen and Water on boll Weight. 

The results of the weight of seed cotton per boll determined in two experiments 
laid out in two different districts are given in Table XXXVII. 

Table XXXVII. 

Average weight of seed cotton per boll in gm. 



^ Brucepur. j 


Khanewal. 


d\ 1 
(8/5) 1 

d2 

(24/5). 

(8/6) 

<24 

(24/6). 

Mean 

+0.0285 


dl 

(lS/6). 

d2 

(28/6). 

<23 

(14/6). 

1 1 

(29/6). 

Mean 

+0.063 

289F/43 ! 

1.29 

1.52 ^ 

1.78 

1.67 

1.67 

289F/43 

1 1.16 

1.20 

1.66 

1.78 

1.47 

L.S.S. . . 

1.42 

1.68 

1.90 

1.68 

1.65 

K.25 

1.09 

1.45 

2.00 

2.12 

1.66 

Moll. 80 

1.58 

1.64 

1.72 

1.82 

1.69 

MoU. 39 

1.74 

1.79 

1.78 

1.75 

1.77 

Mean 
+0. 72 

1.43 

1.58 

1.80 

1.78 


Mean 

tO.08 

1.32 

1.61 

1.81 

1.88 



Dates (Linear) si. 114-0.82 Dates (Linear) si. 9^0. 86 

I I..— J l, I III. I III . 
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The statistical analysis of the boll weight data revealed that the linear response 
to dates was highly significant in these experiments. It was evident from the res- 
ults (Table XXXVII) that the highest boll weights were attained in the third and 
the fourth sowings. There was a progressive increase in the weight of seed cotton 
per boll with the delay in sowings in the American varieties while desi (Moll. 39) cot- 
ton generally maintained its boll weight in all experiments with the exception of 
the one at Brucepur. Sowing dates interacted with varieties whose mean boll 
weights also varied widely. The main effect of nitrogen and its interaction with 
varieties was not significant at the two places where the major portion of the experi- 
mental area was saline in the subsoil. The application of nitrogen had, however, sig- 
nificantly increased tjie boll weight at Convillepur where the soil was light sandy 
without salinity in the subsoil (Table XXXVIII). 

Table XXXVIII. 

Weight of seed cotton in gm. per boll — Convillepur Farm. 


i 

1 di (8/5) 

1 1 

d2 (23/5) 

(7/6) 

1 

dA (22/6). 

Mean 

+0.043 

0 . . 

1 

1.76 

' 1 

2.28 ' 

j 

2.30 

1 

2.31 

2.10 

n . . 

2.15 

2.28 

2.44 

2.30 

2.29 

Mean+0.043 

1 

1.96 

1 

1 

2.28 

2.37 

1 

1 

2.30 

1 



The main effect of watering was found to bo significant or suggestive wherever 
the soil was a sandy loam with a saline subsoil while it was insignificant at other 
places. 

The results obtained in other experiments laid out in the same season or in 
the succeeding seasons were similar to those mentioned above. The June-sown 
crop always suffered less from tirak than the May-sown crop. The reduction in 
tirutc depended on the intensity of tirak promoting conditions in the area where the 
ex])eriment was laid out and the weather conditions that prevailed in that season, 
t) owever, it was found in one case that when the crop came on a soil where either 
salinity or alkalinity was high from the soil surface the May-sown and June-sown 
crops showed the bad opening of bolls even though the trends in boll weights were 
in favour of the latter (Expt. 15 in Table XL VI). The improvemenr in boll weight 
though statistically significant, was very small in magnitude. It was also found that 
when weather conditions were favourable good opening may equally occur in the 
May-sown as well as the June-sown crop and there may be no differences in the 
weights of seed cotton per boll between the two sowings. This was also found to be 
the case in four experiments (Expt. Nos. 27— 30 Table XL VI). In all the remaining 
experiments given in the Table XLVI at the end, the Jime-sown crop gave higher 
boll weights than the May-sown crop. 
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(6) Evvsot of Sowing Date, Nitbogbn and Watbb on Yield. 

The results of yields under different treatments were not identical with those 
discussed above for the opening of the bolls, as the yields depend not only on the 
boll weight but aslo on the boU number. Increase in the boll size may be associated 
with a decrease in the boll number, in which case quality gains at the expense of 
the quantity. 

The results of yields obtained in these experiments showed two types of trend 
according to the districts in which they were laid out (Table XXXIX). In the 
central tracts of the Punjab, the yields under the two middle sowings, i.e., d2 and 
d3, were found significantly superior to the yields under the two end sowings, i.c. 
d\ and d4 (Table XXXIX A). In the extreme western tracts, the yields under the 
last two sowings, t.e., d3 and <i4, were significantly superior to those of the first two 
sowings, i.e., dl and d2 (Table XXXIXB). In the central tract, the third sowing 
gave the maximum yield, while in the western tract the fourth sowing gave the 
maximum yield. 


Table XXXIX. 
YieJd in maunda 'per acre. 




A. 

Brucepur (Expt. 20) 




B. 

Khanewal (Expt. 21). 



d\ 

(8/5) 

d2 

(24/5) 

d2 

(8/6) 

■*3 

Mean I 
+0.52 


dl 

(13/5). 

<22 

(28/5). 

dS 

(14/6) 

di 

(29/6). 

Mean 

+0.49 

289F /43 1 

] 

8.78 

9.72 

10.69 

.89 

8.77 

289F/43 

6.95 

7.26 

9.26 

12.26 

8.93 

L.S.S. . 

9.63 

12.52 ' 

15.93 

10.34 ' 

12.10 

K. 25 .. 

9.06 

10.85 

11.54 

11.72 

10.79 

Moll. 30 

24.93 

24.25 

25.68 

22.85 

24.42 

Moll. 39 

21.71 

22.20 

22.66 

25.44 

23.00 

Mean . 
+1.026 

14.44 

15.49 

17.43 

13.02 


Mean . . 
-H).55 

12.58 

13.44 

14.48 

16.47 



Dates (quadratic) « — 5 . 46-^ . 05 


Date (Linear) =12. 734*2.46 


At Brucepur (Table XXXIX A) all varieties gave the highest yields under the 
third sowing. The yields increased rapidly with delay in sowing in L.S.S. As 
increase in 289P/43 through the late sowing proceeded slowly, the differences in 
yield between L.S.S. and 289F/43 widened as the sowing was delayed. Beyond 
the third sowing, decline in yield occurred but this decline was steeper in the case of 
2891* /43 and is to be attributed to the excessive curtailment in the period of vege- 
tative growth of this early maturing variety. In such cases the spacing provided 
turned out to be inadequate on account of the limited growth made by the plant. As 
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the soil at Bruoepur was sandy loam with saline subsoil, watering gave a signi- 
ficant increase in yield, varieties responding to watering in order of their yielding 
capacity, Moll. 39>L.S.S.>289F/43. Nitrogen did not give a significant 
increase in yield nor did it interact with any other factor because of the saline subsoil. 

At Khanewal all the varieties gave highest yields in the fourth sowing (Table 
XXXIXB). The response to nitrogen application at Khanewal confined itself 
only to the desi variety which gave the maximum yield. Americans failed to 
respond on account of the salinity in the subsoil. Response to watering was recorded 
and it declined in magnitude with the delay in sowing. 

Desi cotton generally gave the same yields, whether sown in May or Jmie 
(Table XXXIX). Desi cottons did not suffer from tirak or the ‘bad opening’ of 
bolls. On soils with highly saline subsoils their growth was depressed and the bearing 
was reduced but the bolls opened normally with fully mature seeds (Table XXXVII). 
As these cottons are found to behave alike under different sowing dates they can 
be sown at any time in May or June. These are short stapled cottons and, there- 
fore, are not of great commercial value. 

289F/124 is a new strain evolved by the Cotton Research Botanist, Lyallpur 
and is now recommended for cultivation in the two districts of Montgomery and 
Multan. This new strain, was therefore, included in the experiments conducted 
in the two districts during the cotton season of 1941-42. This new strain, as can 
be seen from Table XLA & B, responded to late sowings in June both as regards 
yield and the opening of bolls. 


Table XL. 



' A. 

Yield ill inauiidM per acre. 


B. 

Wcit?lit of seed cotton pt*r boll in uin. 

1 

MULTAN. 

MONTGOMERY. 

d\ 

</2 I 
(6/0) 1 

(/3 

(24/0). 

Mean 

d\ 

(15/5) 

I oc 

f/.J 1 

(24/0). 1 

Mean 

2S0F/43 .. 

11.65 

j 

12.45 

13.49 

12.53 


1 

i 1 81 

1 

1 

2.03 j 

1 - 1 

1 'W 

280F/k25 

iO.04 

12.12 

12.06 

11.61 


1 22 

2.10 

1.91 

J 70 

289 F/ 124 

9.52 

11.99 

10 34 

12.02 


1 23 i 

1 

2.28 j 

2 01 1 

1 

Mean 

10.10 

12. 19 

14.10 


Mean 

1 1 

1 42 

2.10 j 

2 00 1 



S.E. (dates)=+0 508 = 4 88% of moan. 


S E. (aat('R)=4-0 = of mean. 


S.E. (varieties) =+0.508*4.88% of mean. 


S.E. (variot>) = +0.590*3.2% of mean. 
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Before the late sowing could be put forth as a measure for general adoption, 
it was necessary to determine its behaviour on normal rich land where tirah did 
not normally occur. Very rich fields were, therefore, selected at Iqbalnagar 
(Montgomery district) and experiments were laid out to determine the yields under 
four sowing dates. The results showed that there was no decrease in yield as the 
sowing date advanced from 15th May to 30th June, provided the spacing was reduced 
as the sowings advanced. In fact the trends in yields, though insignificant, were in 
favour of the June-sowings (Expt. 25 in Table XLWIA). 


(c) Differential Behaviour of Varieties with Sowing Dates. 

The differential behaviour of variety with sowing date was the outstanding 
feature of this investigation. It was found that 289r/4;3 variety in the central 
tracts (Lyallpur and Sargodha districts) and 289F/K25 in the Montgomery district 
did not do well when sown after 15th June on account* of a marked decrease in 
their boll number under these conditions. 289F/K25 and 289F/124: behaved still 
worse under the June-sowings at Lyallpur. On the other hand L.S.S. in Lyallpur 
and Sargodha districts, 4:F in Lyallpur district, 289F/43 in Montgomery and 
Multan districts and 289F/K25 and 289F/124 in Multan responded favourally to 
delay in sowing. These varieties are popular in their respective localities with the 
cotton growers and this renders the adoption of late sowing in general practice quite 
easy. The superiority of a variety adapted to a particular tract became better and 
better marked as sowing was delayed till the optimum date, which was usually found 
to be the second or the third week of June. 

The cause for the better adaptability of certain varieties to late sowing is to 
be found in their ability to make sufficient growth so that the bearing capacity 
does not decline appreciably. 

(ci) Practical Application of Late Sowing. 

To set up late sowing on a practical basis and to get an idea of the actual bene- 
fit derived from the adoption of this measure it was necessary to tost it on a field 
scale. The British Cotton Growers’ Association Farm, Khanewal, was the first big 
commercial farm that took the lead in this direction and offered co-operation to try 
out this measure extensively. 

A simple but replicated sowing-date experiment with 2891 /K 25 variety was 
arranged in 1 940 and was repeated in the two succeeding seasons. The experiment 
was repeated in different chaks (villages) in the three seasons. The experiment 
was so arranged that it covered all types of land and a generalized effect of the 
June-sowings could thus be obtained. 

Each year, 12 strips of land, 2 acres each under uniform cropping, were selected. 
The 12 strips were distributed over 10 to 12 different squares (1 8quare=25 acres) 
of a chak. Each two acre strip was divided into four \ acre plots to which assigned 
at random four sowing dates. Thus 12 replications of four sowing dates were 
provided. Six acres of crop came under each sowing date. The yield from 
each { acre plot was collected separately so that the results could be statistically 
analysed. The results are given below in Table XLI. 



TAbl® XLl 

Chah No. 75. 1940-41 
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Sowing dates : 

dl 

(19th May) 

d2 

(4th June) 

d3 

(19th June) 

d4 

(.5th July) 

S. E. 

Yield in maunds p. a. . . 

12.62 

14.48 

16.10 

14.92 

0.62 

Sowing dates : 

•1 

Chah No. 8.3. 
(20th May) | (5th Juno) 

1 

1941-42 
(20th June) 

(5th July) 


Yield in maunds p. a. . . 

5.38 

6.47 

, 7.06 

5.77 

j 0.406 

1 


Chah No. 81-82. 1942-43 



Sowing dates : 

1 (22nd May) 

j (7th June) 

j (22nd Juno) 

1 (l.Mh .July) 

1 

1 

Yu'ld in maunds p. a. . . 

I 9.49 

i 

j 14.87 

i 15.48 

! 

1 8.57 

i 

0.912 


There was remarkable similarity from year to year in the yield trend of the 
different sowings, in spite of the wide variations in the level of the yields, the 
character of the soils and the season. The June- sowings w^ere consistently better 
than either the 1 st or the 4th sowing and the highest yic'ld was obtained from 
the crop sown about 20th June. In 1942-43 season the fourth sowing had to 
be resow n on 1 5th July on account of rains. At this farm, the May-sowings of 
cottons have now been discontinued and the Jnno-sowungs are adoj)ted with success. 

[ii) Last Late of Irkioation for Late-sown Crops. 

It was pointed out before that the practical application of the late sowing as a 
general measure was apprehended to meet with certain difficulties. It was feared 
that a late-sown crop would become late, require a late irrigation in October and 
Nov<3mber and thus interfere with the sowings of the winter crops. In the event 
of a canal closure during October and November, competition for water was likely 
to prove very risky for wheat sowings. 

Studies with regard to the last irrigation to cotton in relation to the date of 
its sowing were undertaken at three places during 1940-41. The treatment com- 
prised of all combinations of four sowing dates and two varieties (289F/43; 289F/ 
K25) in six blocks of four main plots each (D'"V confounded) with sub-plot arrange- 
ment for the late waterings as variables. Three watering types, viz.^ iol=last 
watering on 30th September; ie2— last watering on 15th October ; and wS-^last 
watering on 30th October, were allocated to the sub-plots to obtain precise infor- 
mation on the utility of late waterings for the early or the late sowings. The experi- 
ment was again repeated, at two of the three places, in 1941-42 which had a parti- 
cularly hot and dry October. 

Analysis of variance of the yield data individually for the different experiments 
revealed that the main effect of watering was significant in 3 out of 5 cases. It 
did not attain significance at two places (Iqbalnagar and Multan) in 1 940-41 season 
due to high experimental errors. As the mean square for the error in these two 
experiments was of the same order, the results were pooled and the linear response 
to watering came out significant. Summarised results for the two seasons are given 
in the Table XLII. 





Tablb XLII 


Effect of late watering on early and late sowinge 
(Yield in maunds p.a.) 


dl 

d2 

d3 

d4 


(2nd wook 

(4th week 

(2nd week 

(4th week 

Mean 

of May) 

of May) 1 

of June) 

of June) 

• 


Iqhfdnagar and Multan (1940-41) 


wl 

11.8.3 

11.44 

12.75 

14.19 

12.55 

w2 

11.16 

14.04 

12.85 

14.30 

1 13.08 

w3 

12.27 

14.87 

14.05 

13.35 

1 13.64 


Iqbalnagar (1941-42) 


wl 

18.06 

20.14 

19.19 

, 18.31 

18.92 

w2 1 

19.33 

22.01 

21.43 

20.36 

20.78 

w3 1 

19.39 

23.25 

20.53 1 

1 19.15 

20.58 


Mianchanmm (1940-41) 


wl 

1 11.84 

13.27 

12.49 1 

10.21 

11.95 

w2 

10.55 

12.48 

13.06 ! 

10.22 

11.58 

w3 

1 13,40 1 

13.42 

15.38 1 

10.22 

13.10 


Mianchannvn (1941-42) 


wl 

i 9.54 

10.51 i 

12.19 

1 10.38 

10.66 


w2 

9.55 

10.85 

12.89 

11.95 

11.31 

(L242 

w3 

9.83 

11.49 

13.64 

11.66 

11.66 



One watering during October was necessary in all areas. The magnitude 
of the increase in yield was, however, small. Besides, irrigation after mid-October 
did not benefit the crop. In one case only, the difference between the two Octo- 
ber waterings was significant. 

The interaction dates x watering was found to be insignificant everywhere. 
There was, therefore, no differential behaviour of late watering with sowing 
dates and watering could be safely withheld after the middle of October from the 
late sowings as well as the early sowings. It may be, therefore, concluded that the 
need for any additional irrigation to late sowing, in particular, does not arise. 

[Hi) Danger from Jassid to Late-sown Crops. 

The Jassid is a well known insect-pest of cotton and in the Punjab it appears 
in larger numbers during the months of August and September when the weather is 
generally warm and humid. The severity of Jassid attack varies from locality to 
locality and season to season depending upon the amount and the distribution of 
monsoon. Whereas the damage is of rare occurrence in Multan and is less frequent 
in Montgomery, the eastern tracts are exposed to danger periodically. The attack 
within a particular year extends as far as the favoturable for the multiplication 
of the insect persists. 
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A crop may suffer more or less from Jassids in a particular year depending upon 
other factors, i,e,, variety, sowing time, the growth made by the plants, and inci- 
dental con,currence of rainfall in August and September with irrigations. 

The damage from Jassids starts from the margins which become light yellow 
in appearance and assume characteristic curling on the lower side. There is also 
injury to the softer regions of the leaves in patches. Anthocyanins develop in 
the affected areas which ultimately die. It is also seen that the younger leaves 
are more susceptible to injury than the older ones as the former are more tender 
and more fleshy than the latter. 

The June-sown crop is very succulent by the time Jassids appear. Conse- 
quently, it falls a prey to this insect more easily than the May-sown crop in a Jassid 
year. The danger to the June-sown crop would, therefore, be greater than to the 
May- sown crop. 

The above observations were confirmed in the sowing-date experhnents conducted 
in 1940-41 cotton season when owing to abnormal rains in the month of August 
the pest appeared in large numbers in September and attacked the June-sowings 
of 289F/K25 (a susceptible variety) with devastating results. It was also noticed 
that, as a rule, the Jassid attack was greater in the plots that wen* manured with 
sulphate of ammonia than in the unmanured ones in all sowings. Careful 
observation of the j)lots under the June-sowings in several experiments, however 
showed one new feature, hitherto undiscovered. The; June-sown crop that was 
closely planted and which had covered the soil before Jassids appeared wen^ less 
attacked than those which had not covered the soil for one reason or other. 
Wide spacing or salinity near the soil surface or very sandy character of the soil are 
responsible for the inability of the late-sown crop to cover the ground. It was thus 
concluded that the June-sown crop should cover the ground before the appeaianco 
of the insect to escape danger from its attack. 

As the above-mentioned observation j)ertaining to the influence of spacing 
on the incidence of jassid attack was of great agronomic value, it was tested out 
experimentally in the succeeding cotton season (1941-42). A simple experiment 
comprising four spacings as variables was laid out at Lyalljmr in 1941-42. The 
four spacings were, si == 1ft. X Ift., .92 -=l.UT. x IJ ft., 53— 2 ft. x 2 ft. and .s*4x21 ft. 
X 2^ ft. Six replicates were kept. The crop was sown on 19th June. The soil 
in this field was more alkaline than normal at the surface at some places, ^^here 
the growth of the plants was known to remain stunted. Thus the damage caused 
by Jassids on closely and widely spaced plants and on those that rernaii\ed stunted 
on account of unfavourable soil conditions could be simultaneously determiuc'd. 

Jassids appeared in August and observations showed that the Jassid attack was 
less on closely- spaced plants which had covered the soil as compared with that 
on widely -spaced plants where ground was not (jovered. Similarly the damage 
to plants that had remained stunted due to surface salinity or alkalinity was also 
greater than where the growth was normal. The damage under the 6 1 and ^2 
spacings was definitely less than the damage in the 53 and 54. There was also a 
steady decline in the yield and boll weight as the spacingws became wider and wider 
(Table XLIII). The decrease in yield with wider spacings is not to be attributed in 
full to greater incidence of Jassid attack under these conditions but is in good ])art 
the direct outcome of a reduction in the boll number brought about by a decr(*ase 
in the plant number. 



Table XLIII 



(ift.x 

1ft.) 

<2 

IJft.) 

«3 

(2ft.X 

2ft.) 


S. E. 

Remarks 

Yield in ma\mds p. a. 

16.79 

14.15 

11.46 

8.30 

+0.84 1 

Previous crop-cotton. 

Wt. of seed cotton per 






Sowing date — 

boll in gm. 

2.65 

2.33 

2.04 

1.91 

+ 0.101 

19th June. 


The above experiment was repeated in 1942-43 which too happened to be a 
year of heavy Jassid infestation. In addition to 4F, a susceptible variety, 2891*/ 
124, was included in the experiment. The previous observations regarding the re- 
lation of spacing with Jassid attack were confirmed and the yield and boll weight 
results were similar to those of the preceding season (Table XLIV). 

Table XLIV 


Effect of spacing on yield and boll weight of June-sowing. Lyallpur 1942-43 


Variety 

.91 1 

(1ft. + 
1ft.) j 

.92 1 

(Uft.x 

lift.) 

x^ 

1 v4 
(2Jft.X 
2411 .) 

'p 

Remarks 

Yi(‘ld in 

"1 4F 

16.34 

14.85 

8.84 

8.07 

1 

+ 0.698 

Previous 

inaunds p, 

. a. 1 






>orop-cot.ton. 


J 289F/124 

13,79 

8.85 

6.03 

3.97 

+ 0.698 

J 

Boll wt. 

I 4F 

2.. 58 

2.38 

1.90 

2.13 

+ 0.149 

sowing date — 

in gm. 







>21-22 June. 


J 289F/124 

2.89 

2.72 

2.50 

2.16 

+ 0.149 

J 










In previous years when the fields spoiled by untimely rain before germination 
or damaged by insects or hailstorm, had to be resown in June, they were sown at 
3 ft. between the rows. Such fields were later badly attacked in a Jassid year as 
the crop was not able to cover the soil by the time the insect appeared and con- 
sequently the damage by Jassids was very great. It has already been stressed that 
with each advancing week in June closer and closer spacings were necessary to 
make up for decreased bearing in the later sowings. In the light of the above, 
the damage to Jassids would also be automatically lessened as the closely spaced 
crop sown in June would cover the soil by the time Jassids appeared. 

{iv) Dai^geb of Fbost to Late-sown Cbops. 

The seed cotton collected at each picking under each sowing date, in the several 
experiments, was expressed as percentage of the respective aggregate yield to 
ascertain how late the crop arrival became when the sowings were done in June. 
The results of one experiment are given in Table XLV. 









Table XLV, 


Arrival of the crop expressed as percentage of the total. 



289F/43 

289F/K26 

% of crop arrival up to 

1 

% of crop arrival up to 

• 

16-20 

Oct. 

1 

15-20 

Nov. 

1 

15-20 

Dec. 

10th 

Jan. 

15-20 
Oct. ! 

15-20 1 
Nov. 

15-20 

Doc. 

10th 

Jan. 

dl(13/5).. 

41.0 

77.5 

1 

00.5 

100 

33.7 

80.2 

92.7 

100 

</2(28/5).. 

29.0 

66.5 

92.0 

100 

21.6 

70.6 

91.0 

100 

</3(12/6).. 


67.5 

90.5 

100 


60.5 

90.8 

100 

</4(2y/6).. 

1 

60.0 

1 

89.0 

1 

100 


44.6 

1 

86.6 

100 


The crops finished at the same time, whether they were sown in May or June. 
Nearly 90*^0 of the croi) of 289F/4;8 and 289F/K25 was picked by the third week 
of December under all sowings. L.H.S. is known to be a late variety but there 
again, the crop arrival was of the same order in the different sowings at Lyall])ur. 
I'hus by late sowings the crox3 does not mature late. This finding was again con- 
firmed by the results of experiments in other seasons. In th(‘ cotton growing tracts 
of the Punjab frosts generally occur at Christmas and thus there is no special danger 
to late sowing in comparison to early sowing. 

The damage from an early frost to tho crops sown on different dates can only 
be assessed when very early frost does occur. In such years the cotton crop may 
suffer to an extent depending upon the degree of tho delay in the crop which is 
controlled by many factors like variety, season, insect attack (tho crop becomes late 
in a White Fly year), nitrogen level and water su^iply oiierating singly or in com- 
bination. To these may be added tho sowing date as one of tho factors. It must, 
however, bo remembered that early frosts are of a rare occurrence. Of recent 
years, the winter of the year 1932 was the only instance when frost was recorded 
as early as November. 

(t;) Pekformance of June-sowings on bice reclaimed lands. 

There are large areas of land in the Punjab which are impregnated with sodium 
salts (/calar). Attempts are made to reclaim such lands and bring them into cul- 
tivation. The Irrigation Research Department of the Punjab is reclaiming such 
land by planting rice in summer and by giving a large number of irrigations to it. 
Thus they are able to mature a crop of rice and at the same time wash the salts down 
to the deeper layers of the soil. The lands reclaimed by rice are expected to be 
leached of nitrates. Rice on such soils is always followed by gram, a leguminous 
crop, in the succeeding winter season in order to restore the nitrogen of the soil. 
The gram crop is succeeded by cotton in the following summer. It was therefore 
necessary to study the behaviour of the June-sowings on such reclaimed lands 
before a final recommendation for the June-sowings as a general practice could be 





made. It was also necessary to deterqiine If thogram crop adequately replenished 
the nitrogen supply of the soil or an additional application of nitrogen in the form of 
sulphate of ammotida was necesaary. Fouf acres of such reclaimed area were acquired 
for the experiment at Mianchannun (S. B. Ujjal Singh’s Farm) and an experiment 
comprising a study of all combinations of three sowing dates, three varieties 
(289F/43, 289F/06 and 289F/124) and three nitrogen treatments (o, nitrogen 
at sowing and nitrogen at flowering @ 50 lb. N per acre in the form of sulphate 
of ammonia) was laid out. The results of yield and boll weight are given in the fol- 
lowing Table XLVA. 

TablbXLVA. 



Yield in mds. per acre. | 



6/6 

m) 

26/6 

(rf3) 

Mean 

[+0.464] 

Control . . 

7.96 

10.28 

8.21 

8.82 

Amtu. Sulph. at 
sowing 

0.28 

12.06 

9.85 

10.40 

Amm. Sulph. at 
floworiug 

11.98 

12.33 

11 62 

11.98 

Mean (+0.464) 

9.74 

11.56 

9.89 



S.E. (Dates or Nit.) = 4. 47% of moan. 


Wt. of seed cotton per boll in gm. 


10/5 

(dl) 


6/6 

(d2) 


26 /6 1 Mean 
(d3) [+0 053] 



1.91 

2.90 

3.05 


2.22 

2.83 

3.20 


2.48 

3.17 

3.15 

Mean (+0.053) 

2.20 

2.97 

3.13 


S.E. (Dates or Nit.) =^1 .91% of mean. 


The control plots of the May-sown crop showed symptoms of nitrogen deficiency 
i.e.y premature yellowing and shedding of leaves. The opening of bolls progressively 
improved as the sowings were delayed. There was also improvement in opening 
by the application of nitrogen. Thus symptoms of tirak duo to nitrogen deficiency 
appeared on such rice reclaimed lands even though a gram crop was grown after 
rice. 


Both the early and late applications of nitrogen significantly increased the yields 
but the increase in yield under the late application was greater than that under the 
early application. Nitrogen significantly increased the yields in all the three sowings. 
The magnitude of increase was slightly greater in the May-sown than in the June- 
sown crop. The results indicated that the rice reclaimed areas would need additional 
application of nitrogen and that the inclusion of gram in the rotation did not suffi- 
ciently replenish the nitrogen level for the full maturation of the cotton crop. 

The middle sowing gave the maximum yield while there was no difference in 
yields betw een the 1st and the 3rd sowing even though the best opening occurred in 
the third sowing. 

(vi) Summary of all Sowing-date Experiments Conducted from 1938 to 
1942. 

A large number of field trials were made during the period 1937 — ^1942 to study 
the tiTect of various agronomic factors on the yield and opening of cotton. The 
descriptive details as to the year, station, nature of soil, previous crop, factors 
studied and their levels, number of re 2 >licaces and the plot size for all such experi- 
ments are embodied in the Appendix at the end. Out of them 41 experiments con- 
tained sowing date as a distinct factor and the number of sowing dates kept varied 
from two to four. 





Effect of sowing date on boll weight. 

The results of the boll weight determinations made in 27 sowing-date experi* 
ments are. presented in Table XLVI giving the weight of seed cotton per boll in 
gm. under each sowing date in each experiment. The mean response to sowing 
date was significant in 22 cases out of 27, indicating that the late-sown crops suffered 
less from tirah than the early sown crops. Where three or four sowing dates were, 
adopted, the linear response to sowing date indicated an increase in the seed ma- 
turity as sowings were progressively delayed. In some cases quadratic response 
was also significant showing that the middle sowings produced the best bolls. The 
first sowings, however, in every case gave the lowest boll weight as they suffered 
most from tirak. In spite of the presence of surface salinity and infertility of soil 
under Expt. 15, which caused ‘bad opening’ of bolls in all the three sowings, the 
trend was in favour of later sowings. There was no difference in boll weight under 
different sowings in Expts. 27, 28, 29 and 30 as the crop did not suffer from 
tirak and the boll weight under each sowing was more than 2 gm. Only in Expt. 
50 was the order of boll weights reversed in favour of the early sowing because the 
later sowings were heavily damaged by Jassids and the last sowing was twice en- 
crusted before germination. 

Effect of sowing date on yield. 

The effects of sowing date on yield have been summarised in Table XL VII A 
The mean response to sowing date averaged over all levels of the remaining factors 
came out to be linear in 15 experiments (Nos. 5, 6, 7, 12, 15, 16, 19, 21, 25s, 
al, 32, 33, 36, 39, & 45), indicating that the fields increased as the sowing date 
advanced from the middle of May to the end of June. 

Quadratic response to sowing dates was significant in 18 experiments (Nos. 8, 
10, 14, 18, 20, 22, 23, 24, 26, 30, 34, 35, 40, 41, 46, 47, 49, & 54), placing the opti- 
mum sowing period round the one or two central sowings according to the number 
of sowing dates, viz., 3 or 4 included in the experiments. The deflection in the 
linear trends was brought about by two main causes; (1) the inclusion of 
289F/K25 and 289F/43 in the experiments in those districts where they possess an 
earlier optimum as already demonstrated in the text. The interaction between 
dates and variety (Table XLVII B) was significant in a majority of these cases 
(Expt. Nos. 18, 20, 22, 24, 30, 34 & 35), supporting the above conclusion; (2) 
the introduction of nitrogen, watering and spacing treatments which interacted 
more favourably with the early sowings and tended to raise their mean yields to 
the level of the mean yields of the late sowings. The interaction effects (Table 
XLVII B) in Expt.Nos. 8, 10, 22, 44 and 46 were so strong that the superiority 
of late sowings in the absence of watering or nitrogen or spacing was completely 
neutralized. In Expt. No. 41 the 4th sowing had to be resown on 15th July on 
account of early rains. This date proved to be too late. 

In the remaining cases (Expt.) Nos. 11, 13, 17, 23, 27, 28, 29, 44) no significant 
differences in yields were recorded for different sowings. The reasons for the 
absence of response to late sowings were; (1) inadequate spacing adopted for the late 
sowings as it was not possible to fix correct spacing in the early stages of the 
investigation, (2) absence of tirak in some experiments (Expt. Nos. 27, 28, 29), 
so both sowings behaved alike, and (3) high standard error in the experiment 
Nob. 23 and 24 on account of very patchy stand over a large experimental area. If 
the yields of these two experiments are studied in Table XLVII A, it will be seen 
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that the middle sowings were the best and this quadratic response to dates would 
have come out significant, had it not been for high standard error. There was also 
an indication of an interaction between sowing date and nitrogen. In Expt. 50, 
the third sowing done on 2nd July was twice encrusted with rain and germination 
was adversely affected, giving rise to a patchy stand. In addition the Jassid severely 
damaged the two late sowings. For Lyallpur district, late June-sowings are not 
recommended. 

The two schedules A and B mentioned below to give practical guidance to zamin- 
dars for the optimum sowing time for each variety of cotton in each district 
and the seed rate and spacing to be adopted for each week in the sowing period have 
been prepared in light of the results of experiments summarised above. 

Table XLVI. 

Mean hall weight in gm, under different sowing dutes. 


May. 

June. 

July. 


Serial No. 


1 

1 

1 






S. B. 


1st 

I 2nd 

3rd 

1 4th 

Ist 

2nd 

8rd 

4th 

Ist 



week 

1 week 

1 week 

1 week 

week 

week 

week 

week 

week. 


5 

1.88 






2.30 



0.044 

0 

0.59 




0.73 





0.038 

8 


1.28 





1.47 



0.064 

10 


1.87 



1.52 



1.57 


0.039 

12 

1.18 





1.61 




0.044 

13 



1.64 




1.84 



0.033 

14 


1,68 


1.71 


1.86 




0.019 

15 

0.69 



0.78 





0.85 


18 


1.06 


2.28 


2.87 


2.30 


0.043 

19 


1.81 


1,78 


2.16 


2.03 


0.087 

20 


1.43 


1.58 


1.80 


1.73 


0.072 

21 


1.32 


1.51 


1.81 


1.88 


0.080 

24 


1.36 


1.86 


2.23 


1.78 


0.13 

27 



2.70 





2.75 


0.077 

28 



2.06 



2.12 




0.053 

29 



2.82 



2.70 




0.091 

30 


2.88 



2.02 


2.84 



0.039 

31 


2.27 





2.81 



0.129 

82 




1.00 




1.20 


0.026 

33 



1.84 


1.87 


2.25 


2.45 

0.216 

85 



1.42 



2.16 


2.00 


0.060 

45 




2.83 




3.25 


0.117 

46 


8.01 





8.70 



0.073 

47 



2.20 


2.97 



3.13 


0.058 

40 

2.08 



2.48 



2.88 



0.088 

50 



2.21 



2.10 



1.52 

0.051 

64 



2.86 

1 

2.07 



8.20 


0.037 



Table XLVII A. 


Mean yield in maunde p,a. under different sowing dates. 





May. 

June. 

July. 

S. E. 


Serial No. 


Ist 

week. 

2ad 

week. 

3rd 1 
week. 1 

4th 

week. 

l8t 

week. 

2nd 

week. 

3rd 1 
week. 1 

4th 

week. 

Ist 

& 2ad 
week. 

5 

6 



15.09 

4.82 

• 


6.80 



27.81 


1 

0.503 

0 377 

7 

8 



7.66 

13.43 




10.09 

13.82 



0.364 

1.060 

10 

11 




11.18 

11.26 


12.01 


12 63 

9.07 


0.42.5 

0.699 

12 

13 



9.59 


18.31 



13.61 

19.41 



0 378 

0 830 

14 

15 

16 



1.13 

10.20 

6.90 


11.04 

1.61 


10.76 

9.13 


2.20 

0.188 

0.196 

0.475 

17 

18 



1.14 

14.81 


17.74 


1.60 

16.04 


13.14 


0 . 255 
0.570 

19 

20 




6.29 

14.44 


6 96 
15.49 


7.78 

17.43 


6.71 

13.02 


0 431 
1.026 

21 

22 




12.58 

9,52 


13.44 

10.61 


14 48 
10.91 


16.47 

7.05 


0.550 

0.532 

23 

24 




9.06 

11.92 


12 62 
13.05 


11.18 
13 68 


7.08 

10.21 


0 617 

1 113 

25 




14.12 


14.82 


15.71 


16.06 


1 .040 

20 




9.39 


12.10 


10 73 


11.85 


0.672 

27 





18.16 





18.65 

1 


28 





14.24 



14.08 




0.245 

30 




20.99 



21.25 


19.04 



0 330 

31 




8.65 





11.24 



0.310 

32 





i 

5.67 




8,31 


0.490 

33 





9.64 


10.95 


12.91 


11.33 

0 920 

34 





18.93 


21.80 


20.38 

19.27 


0.880 

35 





9.01 



11.93 


9.67 


0.420 

36 





1 10.40 


12.19 



14.16 


0.598 

39 





12.62 


14.48 


16.10 


14.92 

0.620 

40 





5.38 


6.47 


7.06 


5.77 

0.406 

41 





9.5 


14 87 


15.48 


8.67 

0.912 

44 




10.70 



12.66 


9.22 



1.005 

45 






14,56 




21.64 


0.830 

46 




13.03 





13.98 



0.444 

47 





9.74 


11.56 



9.89 


0.464 

49 



14.76 



17.25 



14.16 



1.027 

60 





14.90 



12.15 



5.06 

0.357 

64 


•• 



15.70 


19.06 



16.82 


0.409 







Tabijb XLVU B. 

Tables showing significant first order interactions. 

JkUet X varietiei. 



Maunds per acre. 


Maunds per aore. 

1 Expt. 18 

Expt. 20 

dl 

(8/6) 

d2 

(23/6) 

dS 

(7/6) 

d4 

(22/6) 

dl 

(8/6) 

d2 

(24/5) 

d3 

1 (8/6) 

d4 

j (24/6) 

289F/43.. 

289F /k26 

Moll. 39.. 

12.09 
10.23 

22.10 

16.11 

12.49 

24.61 

16.40 

10.87 

20.86 

12.43 

4.76 

22.22 

i289F/43 

1 L.S. 8. 

Moll. 39 

8.78 

9.63 

24.93 

9.72 

12.52 

24.26 

10.69 

15.93 

26.68 

6.89 

10.34 

22.86 


1 Expt. 22 1 


1 Expt. 24 

dl 

(15/6) 

dS 
(SO 16) 

dS 

(15/6) 

d4 

(30/6) 

dl 

(16/6) 

d2 

(30/5) 

d3 

(14/6) 

di 

(29/«) 

289F/43.. 

L. 8. 8 

4F 

MoU. 39 . . 

6.37 
8.63 
7.00 
17.79 1 

6.87 

10.17 

8.30 

18.09 

6.81 

12.64 

8.79 

16.41 

2.56 

6.19 I 

3.19 I 
17.27 

I 289 F /43 

|289F/k26 

10.86 

13.01 

11.67 

14.64 

14.62 

12.67 

11.60 

8.84 


Expt. 30 1 


Expt. 34 

dl 

(13/5) 

d2 

(1/6) 

dS 

(20/6) 


dl 

(17/6) 

d2 1 

(6/6) j 

d3 

(17/6) 

1 d4 
(30/6) 

289F/43.. 

L. 8. 8 

4F 

18.67 

22.84 

21.46 

18.99 

23.72 

21.03 

16.81 

22.91 

17.41 

i 

289F/43 .. 

2»9F /k26 

16.92 

20.93 

19.62 

23.98 

21.81 

18.96 

20.87 

17.67 



1 Expt. 35 

dl 

(16/5) 

d2 

(8/6) 

d3 

(24/6) 

289F /43 . . 

10.11 

10.98 

9.76 

289F/k25 

7.73 

10.11 

7.87 

289F /124 

9.19 

14.71 

11.39 


Dates X nitrogen. 



1 Expt. 22 


Expt. 10 

dl 1 
(15/6) 1 

i d2 1 <{3 

(30/5) j (15/6) 

di 

(30/6) 

dl 

(12/5) 

d2 

(2/6) 

d3 

1 (22/6) 


0 

n 

8.09 

10.96 

8.68 10.21 
12.63 11.62 

7.09 

7.01 

0 

n .. ..j 

7.26 

16.10 

8.57 

16.46 

8.02 

11.31 


i 

Expt. 46 




dl 

(ISIS) 

d2 

(20/6) 

0 

n 

10.78 

16.28 

12.90 

16.06 


Dates X watering. 



1 Expt. 8 


dl 



(14/5) 

I (21/6) 

Normal .; 

Tticn^ 

1 13.70 

Heavy . . 

1 16.77 

1 18.94 
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(vU) Pbaotioal Bdoommhindations fob Adoption op Latb Sowino as a 

Gbnbbal Pbaotiob. 

The investigation has brought to light the importance of spacing in relation 
1)0 late sowings. The relationship between spacing and sowing date has been fuUy 
discussed in the scientific papers published on this investigation (Dastur and Mukh- 
tar Singh 1942 and Dastur and Mukhtar Singh and Sucha Singh 1944). This finding 
is in accord with the experience of workers on cotton in the Sudan (Gregory et al, 
1932 ; Lambert and Crowther, 1935). The following schedule *A" gives an idea 
of the changing seed rates and spacings with advancing weeks in June and has been 
specially prepared*from a practical point of view to suit the Punjab conditions. 

SOHEDULB ‘A\ 


Date of sowing. 

Seed rate to 
be used 
per acre. 

Distance to be 
kept between 
rows. 

Distance to be 
kept between 
plants. 

25th May — 31st May 

7 — 9 seers.* 

2 J feet. 

IJ feet. 

1st June — -Tth Juno 

8—10 „ 

2J „ 

li 

8th June — 15th June 

LO" — 12 ff 

2 „ 

li .. 

1 

16th June — 23rd June 

12—14 „ 

2 „ 

1 ,, 

24th June — 30th June 

14-16 „ 

1 

i 

4 » 

9 inches. 


♦ 1 soer=2 lbs. 


It must be borne in mind that the spacing recommended for each week in the 
above schedule is an approximation and it may be found too close on rich soils or 
too wide on poor soils. 

A cultivator is unable to sow all his cotton on a single day. Sowings have 
got to be distributed over two, three or even four weeks depending upon the avail- 
ability of water, sowing facilities and method of sowing. The optimum sowing 
period rather than sowing date is to be decided upon. Thus sowings will have to 
extend on either side of the optimum date, as revealed by experiments, and the 
varieties chosen for each tract should be appropriate as the varieties vary in their 
suitability for late sowing. 
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The range of sowing period for different localities was found to be different 
even if the right variety was used in the right place. As the primary reason for 
recommending late sowing is to maintain water balance of the crop under conditions 
of physiological or physic^ drought or both> it is natural that late sowing is essential 
in drier parts, viz., Multan and parts of Montgomery. In these parts the sowings 
can extend as far as the end of June, as the long spell of hot and dry weather 
proves disastrous for the May-sowings. In parts where comparatively wet summers 
are more frequent, e.g., Sarffhoda and Sheikhupura, delay beyond the middle of 
June in years of heavy rainfalls would expose the crop to danger of Jassids. But 
at the same time the early sowings would be exposed to danger of tirak under certain 
soil conditions m dry years. At such places the rule should be to start late, sow 
quick and plant thick. For localities like Lyallpur, part of Montgomery and Jhang 
which occupy an intermediary position as regards the distribution of rainfall the 
sowing should be completed before 20th June. The schedule ‘ B ’ gives in a concise 
form the idea of the sowing periods based on the above conclusions. 


Schedule ‘B*. 


District. 

Best sowing period. 

Variety. 

Sarghoda, Sheikhupura . . 

! 

26th May — 16th June 

L.S.S. 

Lyallpur, Jhang and wet 
parts of Montgomery . . 

25th May — ^20th June 

L.S.S. and 4F ; 289F/4;3, 
if sown, should be com- 
pleted before I6th June. 

Montgomery 

25th May — ^25th June 

289F/K25 and 289F/43. 
K25 should not be sown 
after the middle of June. 

Multan 

1st June — 25th June . . 

289F/124. 


As a general practice, it is advisable to concentrate sowings in the first fortnight 
of the sowing period indicated in the Schedule *B’ on light sandy soils or on soils 
of low fertility where growth is expected to be unduly depressed if sown very late.^ 
The remaining sowing period can best be utilised for sowings on sandy loam fields 
where the growth of very late sown crops is sufficiently rapid to cover the soiL 



(viii) ArPBNva giving Details or Aix Expebiments ebom 1937-1942. 
^ote : — Nitrogen is given in the form of sulphate of ammonia except where stated. 
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viii) Appbkdix Givinq Details oe All Extebimbnts ebou Id37-l942 — {ccnUd.) 
Note : — Nitrogen is given in the form of sulphate of ammonia except where stated. 
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Subplot 
* area 
in acre. 

1/108.7 

1/207.5 

1/45.1 

1/80 

1/57.6 

1/100 

1/lS 

1/13 

Subplot 

in ft. 

(a) at sowing. 

(b) at picking. 

(а) 14X30 

(б) 10X21 

(a) 14X69 

(b) 10X54.5 

(0)18X42 

(b) 14X31. 1 

(a) 82X104 

(5)32X104 

Lay out. 

3 blocks. 

24 main plots 

16 transverse 
plots. 

16 longitudi- 
nal plots 

96 subplots. 

6 blocks. 

24 lon^udi- 
nal plots. 

48 arrays. 

48 main plots. 

96 subplots. 

3 replicates. 

6 blocks. 

24 longitudi- 
nal main 
plots. 

72 longitudi- 
nal Subplots. 

96 transverse 
plots. 

288 subplots. 

4 blocks. 

24 mainplots. 

48 subplots. 

Level of each factor. 

Control; 25 lb. N. at flowering p.a. 

Control; 50 lb. K 2 O + 60 lb. 
P 2 O 5 p.a. at flowering. 

4F ; Mollisoni 39. 

2ft. X llft.» 2Jft. X 2ift. 

6th May ; 10th June 

Kormal; Heavy, in longitudinal 
plots. 

4F ; Mollisoni 39. 

Kormal ; Heavy from mid- August 
in main plots. 

18th May; 20th June ; in arrays. 

Control ; 16 lb. N., 32 lb. K., 48 lb. 
K. p.a. in main plots. 

Early (at sowing); Late (at flower- 
ing) in main plots. 

289F/43; 4F; L.S.S.; Mollisoni 39 

10th may ; 28th May; 15th June. 

Control ; 33 lb., K. p.a., at flower- 
i^ in subplots. 

Kormal, Heavy from mid-August. 

7th May ; 30th may ; 5th July. 

Factors 

studied. 

Kitrogen 

Potash4* 1 

Phosphorus > 

Variety 

Spacing . . 

Sowing date 

Cultivation 

Variety . . 

Watering 

Sowing date 

Kitrogen 

Time of applica- 
tion. 

Variety . . 

Sowing date 

Kitrogen 

Watering 

Sowing date . . 

Previous 

crop. 

OU seeds. 

Cotton. 

on seeds. 

Cotton. 

Sofl type. 

Light sandy 
with alkaline 
subsoil. 

Sandy loam 
with saline 
subsoil. 

Light sandy 
with alkali 
patches. 

Light sandy 
with saline 
patches. 

Year. 

1939 

1940 

• 

1939 

Place. 

■ ■ !i 

o‘l 


12 

13 

14 

15 



40 & 
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CHAPTER X 


MANTJBING OF COTTON IN THE PUNJAB. 


Manurmg of cotton as of other crops is one of the basic problems in agriculture 
and forms an important part in any programme for crop improvement. Previous 
work done in the Punjab revealed that the applications of phosphate and potash to 
cotton proved ineffective while the response to nitrogen varied from place to place 
and season to season (Vaidyanathan, 1934 and Dept, of Agriculture Punjab, 1936). 
In certain cases the response was spectacular, in others meagre. These fedings 
were important in as much as they suggested the elimination of the two major nu- 
trients, phosphates and potash, from any manurial programme, but they were of 
restricted value as no definite conclusion could be arrived at with respect to nitrogen 
application as a general practice. The causes for the variations in the utility of 
nitrogenous manures ought to be explained before they could be recommended 
for wide adoption. 

The low nitrogen status of the soils in India gave Crowther (1939) the impression 
of great prospects of the use of sulphate of ammonia in this country. Experience 
in the Punjab has, however, shown that low nitrogen contents of the sod is not 
always attended with high response to this fertilizer in case of cotton. The success 
or the failure of manuring depends not only on the knowledge of the nutrient limit- 
ing but also on the controlling influence of other factors associated with it. 
These factors may be different in different countries and hence require indepen- 
dent study. 

It has already been pointed out (Dastur, 1941a) that deficiency of nitrogen pro- 
duces tirak symptoms in the Punjab -American cottons on light sandy soils. The 
effect of nitrogen application as sulphate of ammonia, in combination with varying 
levels of other factors, was, therefore, studied on different soil types in a large 
number of complex experiments conducted during 1937-1942 in the course of Hrak 
investigations. The results of some of the experiments showing the effect of nit- 
rogen on the various phases of plant activity on light sandy soils have since been 
reported (Dastur and Mukhtar Singh, 1943 and 19^). The present contribution is 
devoted to a concise account of the practical aspect of cotton manuring based on the 
results of the numerous experiments distributed over the important American- 
cotton growing tracts of the province (Dastur and Sucha Singh, 1944). 

In aU, 36 replicated field trials on lands representing different soil conditions 
were conducted. Nearly 60 per cent of them were carried out on the Depart- 
mental Agricultural Farms and the rest at the private estates. The experiments 
were mainly of the multiple-factor type {vide Appendix at the end of Chapter 
IX). Sowing date as a factor was introduced in the bulk of the trials, as preli- 
minary studies had shown this factor to influence greatly the yield and the boll 
opening of cotton. A few experiments also included spacing types. The relation 
of nitrogen with other factors such as variety, watering, phosphorus, potash etc., 
was also explored. Some experiments also provided information as to the time 
of application, the levels and the forms of nitrogen. 



114 


Relevant information pertaining to the individual experiments and the nature 
of the soil under them is consolidated in the Appendix at the end of Chapter IX» 
In the majority of cases, soil samples were taken before the experiments were laid out 
and were later analysed to determine the nature of soil conditions. In a few cases, 
however, the characteristic symptoms of the plants and the texture of the surface 
soil broadly indicated the soil type. 

The yields of the control and the manured plots, averaged over all levels of the 
remaining factors, and the mean response to nitrogen ^ong with appropriate standard 
errors are given in the last three columns of the two tables. The experiments have 
been grouped according as: (tr) the increase in yield with nitrogen was high or 
medium and definitely profitable (Table XLVIII) (b) the response was low or nil 
involving monetary loss (Table XLIX). The price of sulphate of ammonia has 
been taken at its pre-war rate of Bs. 5 per maund (82.2 lb.) and that of seed 
cotton at its lowest value of Rs. 7 per maund. 

A study of the results given in Tables XLVIII & XLIX will show that the 
response to manuring with sulphate of ammonia on yield was high and profitable 
in 20 experiments while it was low and unprofitable in the remaining 16 experi- 
ments. Thus chances for the success and the failure of manuring cotton in the 
Punjab were found to be nearly equal. 

It could also be seen from the same Table that the increase in yield obtained by 
the application of a unit dose of sulphate of ammonia was not governed by the gene- 
ral yielding capacity of a field. Fields producing as low as 1 to 7 maunds of 
per acre have not responded to manuring (Expts. 2, 9, 16, 1 6, 1 7, 32 in Table XLIX), 
while fields with a higher yielding capacity have been found to give high and profit- 
able returns with the application of sulphate of ammonia (Expts. 4, 10, 14, 28, 30, 
36 and 43 in Table XLVIII.) Thus the level of yield in a field was no index 
for manuring of cotton in the Punjab. It indicated that soil factors other than 
nitrogen status of the soil operated in determining the response to manuring. The 
investigadons carried out in the Punjab Physiological (Cotton failure) Scheme have 
made it possible to distinguish the soil conditions where manuring would be pro- 
fitable and where it would involve monetary loss. 


(i) Factors that Influence the Response to Sulphate op Ammonia. 

Soil Conditions. 

A study of the soil in several parts of the Punjab in relation to the effect pro- 
duced by sulphate of ammonia on the growth and yield of cotton revealed that 
on light sandy soils free from subsoil sahnity or alkalinity a very heavy response 
to manuring was obtained. The response was particularly high if the cotton fol- 
lowed wheat or an oilseed crop (Table XLVIII). The increase in yield was of a 
medium order if such fields were allowed to recuperate through fallowing (Expt. ]). 

Salinity or alkalinity or high pH in the subsoil was found to affect adversely 
the response to manuring. Although the fields having these subsoil conditions 
differed widely in their jdelding capacity without manuring, the application of 
sulphate of ammonia was found to be improfitable in all cases (Table XLIX). 
This held good for the organic manures as well (Table LVI). 



Table XLVHI. 

(a) Experiments in which respmse to sulphate of ammonia was high and profitatie. 
(Further details for each experiment are given at the end of Chapter IX). 
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The above two soils conditions are found irregularly distributed in the cotton 
fields. Fields with light sandy soil may also possess patches of subsoil salinity or 
alkalinity in varying proportions. The average increase in yield by manuring such 
a field would, therefore, depend on the relative proportion of such areas present in 
the subsoil. The variations in response to manuring can be partly understood in 
the light of the above findings. It also indicates why a general recommendation 
for manuring of cotton in the Punjab could not be made as was done for Egypt 
by Crowther et ah (1937). Other relevant factors found to influence the response 
to manuring on light sandy soil are briefly mentioned below : 


Varieties, 

Whereas the desi variety, Moll. 39 [0, indicum), gave a high and progtable 
response to nitrogen on all soil types, the ability of the Punjab- American cottons 
{G. hirsutum) to give such increases in yield with manuring was greatly restricted by 
the subsoil conditions (Table L). 

Another important fact that emerged from this study was that the response 
to nitrogen of the different varieties varied in the order of their yielding capacity. 
Of aU cottons, Moll. 39 gave the maximum yield as well as the highest response to 
nitrogen in all cases except in Expt. 11 where the germination and the subsequent 
stand of this variety was poor on account of patches of alkali on the soil surface • 

L.S.S. yields were heavier than 4F and the response to nitrogen was also found 
to be greater in the former than in the latter (Expts. 22, 30, 44). The remaining 
strains, viz., 289F/43, 289F/K25 and 289F/124 did neither differ significantly in 
their yielding capacity nor in their responsiveness to nitrogen. 


Sowing time. 

The sowing time of cotton was another factor that governed the response to 
manuring. It was found that generally the May-sown crop gave higher increases 
in yield by manuring than the June-sown crop (Table LI). The reduction in the 
magnitude of response was spec ally marked in the crop sown during the second 
half of June. If the soils were extremely deficient in nitrogen as in Expts. IJ, 36, 
47 & 18, all the sowings gave equally pronounced increases in yield by manuring. 
With higher doses of sulphate of ammonia on such fields the same relationship of 
sowing time with nitrogen application would have probably held good. As the 
June-sowings of American cottons have now been recommended as a preventive 
measure against tirak, this aspect of manuring must be clearly borne in mind. 


Spacing. 

There was an indication that for manurial response the May-sown crop behaved 
indifferently to spacing, but close spacing was specially conducive to better ferti- 
lizer response in the case of June-sowings (Table LII). The experimental evidence 
in favour of this view is, however, still not conclusive. 
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t Mean yields of control and manured plots have not been given separately. 
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Table LI. 


Variation in yieJd response to sulphate of ammonia wUh changing sousing date. 


Expt. 

No. 

Dose of 
manure at 

t Increase in yield with manure (mds. per aore). 


flowering 


1 





1 


S. B. 


(mds. 
per acre.) 

1—16 May. 

16—81 May. 


After 15 June. 





•• 



f 

1 

00 


00 


10 

3 

(12 May) 

7.85 

•• 



( 2 June) 

6.88 

(22 June) 

3.29 

0.85 

6 

12 

U+U at 
sowing. 

U 

( 1 May) 

1 ( 6 May) 

4.36 

*0 

4.08 


00 

(1 June) 

(10 June) 

2.03 

•• 

2.55 

0 



1.25 

0.45 

14 

3 

(10 May) 

5.37 

(28 May) 

5.84 

(15 June) 

3.03 



1.27 

30 

3 

(13 May) 

6.80 

(31 May) 

5.05 



(20 June) 

3.79 

0.80 

28 

3 

(16 May) 

9.22 


00 

(10 June) 

7.91 

• 



0.36 

50 

2 

.. 


(21 May) 

4.85 

(11 June) 

2.45 

( 2 July) 

1.21 

1.13 

50 

4 

.. 

•« 

(21 May) 

7.70 

•• 

(11 June) 

6.21 

( 2 July) 

1.80 

1.13 

22 

2 

(15 May) 

2.87 

(30 May) 

3.85 

(15 June) 

1.41 

(30 June) — 0.08 

1.06 

44 

2 

(15 May) 

3.83 



( 2 June) 

3.25 I 

1 (19 June) 

1.60 

0.81 

11 

2 



(18 May) 

4.07 

•• 


** 

(18 June) 

4.93 

00 

0.58 

36 

2 1 



(19 May) 

4.51 

(6 June) 

4.95 

(24 June) 

7.04 

* 

1.45 

45 

2 



(22 May) 

2.46 

00 


* 

(22 June) 

1.73 

•* 

0.77 

47 

2 



(19 May) 

4.02 

( 6 June) 

2.05 

(26 June) 

3.41 

0.84 




• 


• 


•• 




18 

2 

( 8 May) 

3.15 

(23 May) 

2.50 

( 7 Juno) 

3.52 

00 

(22 Juno) 

2.05 

1.14 

46 

2 

(13 May) 

4.50 


00 


0 

(20 June) 

2.16 

0.55 

54 

3 



(20 May) 

5.24 

( 7 June) 

2.31 

(27 June) 

2.19 

1.15 


t Mean yields of control and manured plots have not been given separately. 


Table LII. 


The effect of spacing on the response to nitrogen under different sowing dates. 




Increase in yield with manure (maunds per acre). 



Dose of 


1 


1 


1 




Expt. 

manure at 
flowering | 
(mds. ! 
per acre.) j 

1-15 May. 

16-31 May. 

1-15 June. 

16-30 June. | 

i i 

S. E. 

1 


i ' 

Close 

spacing. 

Wide 

spacing. 

Close 

spacing. 

Wide 

spacing. 

Close 

spacing. 

Wide 

spacing. 

Close 

1 spacing. 

[ Wide 
spacing. 

1 


1 

1 

00 

*• 



** 

«• 

00 



10 

3 

8.06 

•• 

7.64 

•« 



9.05 

00 

4.70 

*• 

4.73 

1.85 

1 20 

12 

U 

8.78 

•« 

4.37 

•• 

‘ 

* 

2.60 

2.51 

’ 


0.64 

30 

3 

6.03 

7.76 

4.62 

5.49 

1 

.. 

5.14 

2.44 

0.85 


Watering, 

Heavy watering greatly favoured the e^ectiveness of manure in Expt. 1 where 
the field was allow^ to recuperate through fallowing prior to sowing cotton 
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(Table LIII) . Under intensive system of cropping, however, nitrogen alone acted as 
a limiting factor and the increases in yield with the artihcal fertilker were so heavy 
under normal watering that further improvement in response through extra dose 
of water was meagre (Expts. 4, 10, 28, 11). Hence heavy watering on nitrogen 
deficient soils would not be of much benefit whether given with or without the 
application of a nitrogenous fertilizer. 

Table LIII. 

Interaction of nitrogen and watering. 



Dose of 
manure at 

Increase in yield with manure 

(maunds per acre.) 

Expt. No. 

flowering 
(mds. per 
acre). 

Normal 

watering. 

Heavy 

watering. 

S. E. 

Previous crop. 




1 

*♦ 



1 

1.09 

5.89 

0.78 

Cultivated fallow. 



♦ He 




4 


8.82 

9.69 

1.46 

Oil seeds. 







10 


5.82 

6.18 

0.69 

a 







28 


8.63 

8.61 

0.36 

Wheat. 




>|c« 



11 

2 

4.34 

5.26 

0.58 

Cotton. 


Time of application. 

Optimum time for the application of sulphate of ammonia was unmistakably 
mid- August for the May-sown cottons (Table LIV). This confirms the previous 
experience in the Punjab (Dept.; Agric. 1936). The differences in favour of August 
application were less marked as the sowings were delayed, so much so that in a few 
cases (Expts. 30, 50) application before sowing proved slightly superior for the late 
sowing. 

Table LIV. 


Time of application of sulphate of ammonia and its relation to the date of sowing^ 




Increase In yield with manure (maunds per acre). 




Dose of 



1 




1 




B^t. 

.manure 
(mds. per 
acre). 

1 1-15 May. 

16-31 May. i 

1 1-15 June. 

1 16-30 June. 

S. E. 

Remarks. 

Early. 

Late. 

Early. 

1 Late. 

Early. 

Late. 1 

Early. 

Late. 

1 








•• 








4 

3 



8.10 

0.25 





1.03 

Early ssMan u re 












applied before 





3.5$ 

• 





1.79 

sowing. 

14 

2 

1.68 

5.34 

4.59 

1.79 

2.68 


. . 


80 

3 

6.lS 

6.SS 

5.» 

5.05 

• • 


4.n 

3.79 

0.80 

LatesM a n u r e 

50 

2 

3.49 

4.85 

3. $8 

2.45 

2.04 

1.21 

1.13 

applied in Au- 
gust. 

47 

2 

•• 

• • 

1.32 

4. $2 

1.78 

2.05 

1.64 

3.41 

0.84 
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Dose of manure. 

There were only a few trials involving the oomparisons of the different doses 
of ammonium sulphate. A study of Table XL VIII reveals that the increase in 
yield is linear up to 3 maunds of manure per acre (Expt. 14). The response trend 
shows a decline with higher rates of application (Expt. 50), and 6 maunds of sul- 
phate of ammonia is undoubtedly an overdose (Expts. 4 and 43). In the experi- 
ments under review, the dose employed was 2 to 3 maunds. The results obtained 
and discussed, therefore, are of genera] practical value. 

t 

{ii) Effect of Phosphatio and Potassio Ebrtilizbes. 

There were seven trials to study the effect of these fertilizers with and without 
nitrogen. Two experiments were repeated on the same sites to find out the residual 
effect, if any. In spite of the heavy doses used, the direct as well as the residual 
effects of these fertilizers were insignificant in all cases (Table LV). In view of 
these results and those already obtained by the Department of Agriculture, it can 
safely be concluded that the Punjab soils do not lack in phosphorus or potash. 
Besides, none of these fertilizers interacted with nitrogen, the level of which alone 
determined the final yield. 

Table LV. 


Effect of phosphorus and potash on the yield of cotton. 


Expt. 

No. 

Dose of 
Phosphate 
(lb. PaOfi 
per acre.) 

Dose of 
Potash 
(lb. K 2 O 
per acre.) 

I 

Yield of knpasf in maunds per aero. 

Control. 

Phos- 

phorus, 

Potash 

Phos- 

phorus. 

4 - Potash. 

1 

S.E. of 
Moan. 

1 

120 

48 

20.3 

1 

21.7 j 

1 : 

20.6 

21.4 

0.55 

4 

100 

200 

20.4 

19.9 

20.7 

20.8 

0.73 

12 

50 

50 

11.2 

- 

•• 

12.0 

1 

0.38 

3 


360 

8.98 i 


11.2 


1.07 

42 

ioo 

200 

22.5 

22.4 

21.7 

2^4 

3.03 

32 

200 

230 

7.44 

6.95 

6.99 

6.56 

0.69 

31 

200 

230 

10.8 

9.25 

9.44 

10.3 

0.44 

45 Residual Effect of Expt. 32 

17.6 

17.8 

19.1 

17.9 

1.17 

46 Residual effect of Expt. 31. 

13.0 

13.5 

13.8 

1 

13.7 

0.63 


t Kapa$ssBeBd cotton. 


{Hi) Effect of Organic Manures. 

Farmyard manure and berseem (green manure) were tried in a few experiments. 
The results are summarised in Table LVI. The absence of response in Expt. 1 was 
attributable to three factors, viz., (1) cotton followed cultivated fallow, (2) the dose 
was small and (3) this treatment was relegatd to the main plots. The soil imder 
Expts. 5, 9 being sandy loam and saline was responsible for the failure of response 
to manuring. In other experiments, the increases in yield were substantial as the 
soil underneath was light and sandy. Thus these manures behaved in the same 
manner as did sulphate of ammonia in relation to soil conditions. 
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Table LVI. 


Effect of Farmyard Manure and Berseem green manure on the yield of cotton. 





Yield of kapas in maunds per acre. 



Dose 





Expt. No. 

(tons 

1 j 


Berseem 



per acre). 


Farmyard 

green Besponse. 

S. E. 


• 

Control. 1 

i 

J 

manure. 

manure. 


1 

1 

5 1 

20.7 j 

21.3 

1 . . +0.6 

1 

0.78 





1 Hole 


6 

10 

1 4.31 

• . 

7.31 +3.0 

0.88 





** 


52 

20 

13.4 

22.6 

+9.2 

0.90 




1 

1 

if ^ 

1 

3 

20 

7.64 

i 11.86 

10.05 !{ +4.22 } 

1 1.51 



1 

1 

|l +2.41 J 


5 

10 

1 21.2 

! 19.5 

1 ~^1.7 

2.16 

9 

10 

j 4.01 


3.41 I —0.60 

i I 

2.82 


On account of the non-availability of sulphate of ammonia under the present 
war situation, the comparative manurial value of oil cakes and ammonium sulphate 
was studied in the year 1942. Quantities of manure to supply 50 lb. N per acre 
were calculated and added. Toria cake though slightly inferior to sulphate of 
ammonia on equivalent nitrogen basis proved to be a good substitute for the latter 
(Table LVII). Cotton cake did not hold out promise of extensive use. There 
was an indication from Expt. 53 that toria cake should preferably be applied before 
sowing. Further work is, however, necessary to confirm these findings and to 
work out the economics of toria cake. 

Table LVII. 


Comparative effects of ammonium sulphate and oil cakes on the yield of cotton. 


Expt. ! 
No. 

1 

Time of 

j Yield of kapas in maunds per acre. 

application of 
oil cakes. 

Control. 

♦Ammo- 

nium 

sulphate. 

Toria 

cake. 

1 

Cotton 

cake. 

S. E. of 
mean. 

62 

at flowering. 

13.24 

17.02 

16.19 

1 

0.38 

54 

,, sowing. 

16.69 

18.83 

17.69 

16.64 1 

0.35 

51 

it ! 

8.82 

10.77 

9.57 

8.14 1 

1.04 

53 

(«),> 

11.24 

, , 

16.29 

, , 

0.33 


(b)„ flowering. 


• • 

15.87 

• • 

• • 


* Applied in all cases at flowering in the middle of August. 
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(iv) A Praotioal Method to Detect Nitrogen Deficient Fields. 

Manuring of American cottons in the Punjab could be profitably undertaken 
on light sandy soils free from subsoil salinity. This finding could not be put to 
practical use as it was impossible for a zamindar to know the soil conditions and 
to exclude from manurial programme such fields as were not likely to yield pro- 
fitable returns. Besides, the yielding capacity of a field was shown to be no criterion 
for manuring it. During the course of investigations carried out in the Punjab Phy- 
siological Scheme, a simple and inexpensive method has been found to detect cotton 
fields which would give profitable increase in yields by manuring with ammonium 
sulphate. This method is termed as “tannin*' test, and is described below: 

In the month of August, six cotton plants are selected at random from one 
fourth of an acre and 30 discs are cut out from mature leaves by means of a leaf 
punch. They are transferred to a tube containing about J oz. of water and the 
tube is kept for 2 hours in a hot water bath. When the extract of the leaf discs 
cools down, it is treated with 5 drops of an aqueous solution of osraic acid (I gram 
of osmic acid dissolved in 4^ lb. or 2 litres of water). Two drops of dilute sulphuric 
acid are then added to the extract. If a blue green to a dark brown colour (Fig .4) 
is produced, the crop requires nitrogen manuring. If the leaf extract remains 
yellow or orange red, manuring is not necessary. The cost of making this test 
works out to be about one anna (t.e., one penny per sample) at the pre-war rates 
of the chemicals etc. used. 

“Tannin” test has been tried out extensively for three successive years on the 
fields of mmindars in the different cotton growing tracts of the Punjab, and found 
to be very successful. The details of the tests made and the results obtained are 
given in Table LVIII. 


Table LVIII. 

Statement of ''tannin'' test made and the results obtained. 


Year. 

Total 

No. of tests 
made. 

No. of 
positive 
tests. 

No. of fields 
selected for 
Manuring. 

Dose of 
sulphate of 
amm. in mds. 
per acre. 

Yield 0 
in mds. ] 

Control. 

f kapcts 
per acre. 

Manured. 

Increase. 

1939 .. 








1940 .. 







2.18 

1941 .. 


■ 





2.86 


The results show that it would be profitable to apply sulphate of ammonia 
to the fields that give the test. In 1940, the magnitude of increase was relatively 
small as the majority of fieldis selected for the test and subsequent manuring had al- 
ready turned very pale, so that it was too late to correct the internal disorder in the 
plants at such an advanced stage of nitrqgw 'starvation. Fields selected for 











the test should be light green and should possess perfect stand in order to obtain best 
results from manuring. It may be mentioned that this test for manuring cotton 
has only been found successful in the Punjab. It is possible that similar results may 
not be -obtained in other cotton tracts. 

(v) Conclusions. 

The problem of manuring cotton thus centres round the availability and the 
application of nitrogenous manures as phosphorus and potash have not generally 
been found to be limiting. Nevertheless the problem did not prove to be quite 
simple as the magnitude of response to nitrogen was found to be governed by a 
multitude of factors of which the soil was most important. While the desi variety 
could profitably be manured on a wide range of soil conditions, American cottons 
responded only on light sandy soils free from subsoil kalar. On sandy loam fields 
with saline or alkaline subsoils the response was either low or nil. The increase in 
yield was of a medium order when light sandy lands had also some alkali concen- 
trations in the subsoil. Where the different soil conditions were found intermixed, 
the relative proportion of each determined the ultimate gain from the application 
of nitrogen. This finding explains at least in part the cause of wide variations in 
the results obtained with nitrogenous fertilizers and the difficulty experienced in 
making a general recommendation for cotton manuring. 

A simple and expeditious device designated as the “tannin” test has been 
evolved and described, the use of which enables one to detect fields suffering from 
nitrogen deficiency without recourse to soil analysis. This biochemical test is 
applied to the aqueous extract of the leaf just before the onset of flowering. Once 
the positive test is obtained sulphate of ammonia can be applied at the rate of 
2 to 3 maunds per acre. 

The influence of sowing date, spacing, and variety in modifying the response 
to nitrogen on light sandy soils cannot be ignored. May-sowings possess greater 
potentiality for increase in yield through manuring than the June-sowings. The 
usefulness of nitrogen falls off as the sowing date advances, so much so that the 
June-end-sowings derive the least benefit. The manurial response to late- sowings 
can, however, be greatly improved by close spacing. 

The different strains of cotton were found to respond to nitrogen in the order 
of their yielding capacity, i.e., greater the yield, greater the response and vice versa. 

The behaviour of the organic manures in relation to the soil conditions was 
similar to that of ammonium sulphate, and from two years’ trials, toria cake appears 
to be a good substitute for this inorganic fertilizer. 



CHAPTER XI. 

RELATION OP WEATHER FACTORS WITH THE SPREAD OP TIBAK 

It was explained in the foregoing Chapters what tirah was, how it developed 
on the two soil types and how it could be remedied. Though the soil conditions 
that produced tirah in the Punjab- American cottons were Imown, the causes for 
the more intense and widespread occurrence of tirah in certain years than in others 
remained to be explained. The widespread occurrence of ti^h in certain years 
indicated that it occurred on lands where in other years normal crops grew. This 
was perhaps the main reason why soil factors were not at all considered and aU 
stress was laid on weather factors alone by Milne (1922) and Trought (1931) in 
their attempts to explain the partial failures of American cottons in the Punjab. 

Even though tirah was caused by certain soil conditions the possibility of wea- 
ther factors playing their part in the spread of tirah cannot be ruled out, as soil 
conditions by themselves cannot evidently explain the failure years. It was, there- 
fore, necessary to investigate the weather conditions which, by interacting with the 
soil conditions, may be causing widespread occurrence of tirah in the failure years. 

The problem can be tackled in two ways by adopting standard statistical 
methods. The partial failure years were years of low yields. They were also the 
years when widespread occurrence of tirah in the Punjab -Americans had occurred. 
It was, therefore, necessary to determine if any correlation either between weather 
factors and yields or between weather factors and tirah existed. It was, therefore, 
first undertaken to see if any one of the weather factors either singly or in com- 
bination with other factors could be correlated with low yields. 

A study of the yields of American and cottons per acre from 1921 to 1936 
indicated upward trends in yields as already stated in Chapter II. It was, there- 
fore, necessary to eliminate these progressive changes which may have occurred 
•either on account of introduction of new varieties or by improved methods of culti- 
vation, before the variations in yields caused by the annual fluctuations in weather 
factors could be studied. 

As the weather conditions in the different American cotton districts are known 
to differ very appreciably it was not correct to take the annual average yields of 
the whole province. The yields of three important cotton-growing districts : Lyall- 
pur, Montgomery and Multan were, therefore, •separately determined from the 
Season and Crop Reports published by the Director of Land Records, Punjab. 
Similar data for weather conditions was also collected for the three districts. The 
yields of one big commerical farm located in each of the three districts were also 
collected as the conditions of cultivation were assumed to be more uniform on these 
farms than those prevalent in the districts. 

(i) Sbculae Trends IN Yields. 

The secular trends in the mean values of yields for the three farms and the 
three districts were studied by employing the Fishers’ method of polynomial curves 
<1924). The analysis of variance for the yields of Americans from 1921 — 1940 for 
the three districts are given below : 



TABLli LIX. 

Analysis of variance — Mean sqmre, 


127 


Due to 

D.F. 

LyaUpur. 

Montgo- 

mery. 

Multan. 

Brucepur 

Farm. 

Okara I 
Farm. | 

B.C.O.A. 

Farm. 

Punjab. 

Average rate of change 

1 

32.6687 

18.8460 

1 38.0024 j 

, 75.5005 

13.0712 

7.8150 

21.0571 

Secular trends 

4 

7.6669 

8.4001 


4.4408 

8.6154 

20.5041 

4.4316 

Residual 


0.8233 

1.5134 

0.7683 

3.0155 

3.1130 

7.1073 

0.8000 


There was a definite indication that the cotton yields in three districts and the 
two farms had materially changed. The high rate of change may be due to the 
introduction of new varieties iSte L.S.S., 289F/43 and 289F/K25 in place of 4F 
but there was no evidence to support this assumption. 

The secular variations in mean yields of Americans for the three districts and 
the three farms can be seen from Table LX. 


Table LX. 

Yields of Americans in mds, p, a. 



LyaUpur. j 

Montgo- 

mery. 

Multan. 

Brucepur 
Farm. 1 

1 

Military { 
Farm, Okara.' 

B.C.G.A. 1 

Farm. | 

Punjab. 

Mean 

6.63 

5.60 

5.33 

7.94 

7.08 

9.98 

5.74 

S.D. 

1.98 

1.97 

1 97 

2 67 

2.20 

3.44 

1.64 

€.V 

30.0 

32.8 

36.9 

33.6 

31.1 

34.5 

28.6 

X '2 

+5.71 

+4 34 

+6 17 

+8.69 

+3.74 

—2.80 

+4.59 

X '3 

+0.62 

—1.46 

+1.49 

+0.47 

—2.87 

+1.19 

+0.83 

X '4 

—1.24 

—3.49 

—2.15 ' 

—3.38 

—2.98 

+0.73 

—1 69 

X '5 

1 --3.55 

—2.60 

—2 08 

—2 42 

—1 04 

—1.93 

—2.64 

X '6 

+4.02 

+3.50 

+3.66 


+ i.03 

+ 10.60 

+2 69 

S. Residue 

0.91 

1.23 

0.87 

1.68 

1.77 

2.67 

0.94 

No. of years 

20 

20 

20 

20 

20 

20 

20 


Table LXI. 

Correlation coefficients between yields and weather factors (LyaUpur 1921-1935). 


Period. 

A. 

B. 

Without eliminating secular changes. 

After eliminating secular changes. 


Jan-AprU. 

May-J line. 

July- Aug. 

Sept.-Oct. 

Jan. -April 

May- June. 

July- Aug. j 

Sept. -Oct. 

Average range of 
temperature 

Mean of maximum 
and minimum 
temp. M+m 

2 

Average humidity 

—0.4998 

—0.0641 

+0.1085 

' +0.1821 

—0.1634 

—0.1286 

—0 0476 

—0,1707 

—0.5227 

—0.5386 

—0.1405 

—0.1550 

—0.2378 

—0.5286 

—0.1508 ' 

—0.0839 

+0.6446 

+0.1476 

+0.1724 

—0.3328 

+0.1996 

• 

+0.7241 

+0.4123 

+0.2750 

Total Rainfall 

+0.5403 

+0.1769 

—0.0926 

—0.4235 

+0.8007 

+0.3565 

+0.3292 

—0.4601 
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The coefficient of variability of the same order in the districts as well as the 
farms, Multan district giving the highest value. The similarity in the slow changes 
in mean values of yields can be seen from the significant positive nature of x 
and the significant negative nature of x'*. 

After the secular changes had been eliminated, the remaining variations in 
yields could be attributed to the weather conditiotis. It was, therefore, necessary 
to eliminate the secular trends from the yield series before the correlation of wea- 
ther factors with yields could be studied. It was also thought of interest to deter- 
mine the correlation coefficients between yields and weather, factors without elimi- 
nating secular changes. 

(it) Correlation Studies between Yields and Weather Factors. 

The secular trends were also found to occur in temperature, humidity and rain- 
fall at Lyallpur and they must also be eliminated. For the purpose of this study 
the cotton season was divided into three periods : early (May- June), middle (July- 
August) and the end (September- October) period. 


Simple correlation coefficients between yields and average range of tempera- 
ture, mean of maximum and minimum temperature, average humidity and rainfall 
were first determined for Lyallpur. The results obtained were complex and gave 
no clue regarding the effect of any weather factor on yields (Table LXI). There 
were two instances where the correlation coefficients between average humidity 
for May- June period and yields after eliminating secular trends, and between 

temperature and yields for the same period were significant. 


As the values of correlation coefficients between yields and the two weather 
factors for the period May- June were high it was necessary to study their combined 
effect on yields. This was done by fitting a regression equation and finding out 
partial regression coefficients. They were however found to be non-significant as 
shown below: — 


Table LXII. 

Partial regression coefficients with standard errors for Lyallpur. 

. ^ , M+m .. =—0.8917+0.8297 

Average temperature — 

tL 


Humidity = +0.1857+0.1246 

Rainfall = +0.0204+0.7008 


Por further details the paper by Dastur and Tashna (1943) may be consulted. 

The magnitude of yield was governed by the morphological characters, the 
number of bolls and the weight of bolls, i.e. weight of seed cotton per boll. In 
the Punjab, unlike other cotton growing tracts, the boll weight was found to vary 
greatly on account of the prevalence of tirak wMch however did not affect the boU 
number. The weather factors that affected boll number might hot affect the 
boll weight and vice versa, TiraJe also occurred on two different soil types and the 
weather factors that may increase the incidence of iirah on one soil t 3 rpe may be 
different from the weather factors that affected the inci4ence of tirah on the other 
type of soil. It was, therefore, not surprising to. find absence of sigxhficant oorrdg- 
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tionship between the weather factors and yields. A study of the weather factors 
that were causing widespread occurrence of tirah in failure years was, therefore, 
undertaken. 

(m) The Effect of Temperature on the Spread of Tirah, 

An indication of the nature of the weather factors that increased the incidence 
of tirah and caused it to appear on larger areas than normal on soils which contained 
free soluble sodium salts in the subsoil was given by observations made on the crop 
in the same fields, from year to year. It was shown in Chapter IV that salinity in the 
subsoil varied from field to field and even in the different parts of the same field 
measuring an acre, it was also pointed out in the same chapter that the effect 
of salinity in the subsoil on the development of tirah varied as other soil conditions 
like the total concentrations of free salts, the physical texture and the calcium ; 
sodium ratio either in soluble or exchangeable form varied. The intensity of 
tirah thus varied in the same year as the soil complex varied from field to field. 
In 1939 it was observed that the intensity and the spread of tirah had greatly increased 
in the different fields which were under observation. Tirah appeared in a more 
intense form in all these fields than was the case in previous years. Tiiah was 
also found to spread to those parts of the fields where usually normal crop was 
found. The investigations of the soil conditions in these new regions of the fields 
where tirah newly appeared showed that the subsoils contained smaller amounts 
of free soluble or exchangeable sodium. The tirah promoting conditions in such 
areas were less intense than in other areas where tirah occurred every year. 

The cotton crop in 1939 was quite normal up till September but later tirah 
.symptoms began to appear and the change from normal to tirah condition became 
rapid; so much so, that in October almost the enitre crop in each of these fields 
showed tirah symptoms. It was, therefore, evident that some peculiarity of weather 
conditions was associated with the greater spread of tirah in that year. 

The crops exhibited signs of desiccation resulting in premature defoliation. It 
was evident that the water balance of the plant was greatly disturbed. The bolls 
ceased to grow and opened in that immature state. Wherever the soils were light 
sandy and highly saline in the subsoil the damage to the crop was great, while w^her- 
ever the soils were of low salinity and less sandy the damage was found to be less. 

A study of the weather data for 1939 revealed that the months of September, 
October (Fig. 29) and the first half of November were characterised with spells 
of hot and dry weather extending from 10 to 15 days. The maximum temperatures 
during these spells were above the normal maximum temperatures. These months 
were also dry. The spells of hot weather increased the water deficit of the crop 
on the soils with highly saline subsoils and caused an intensification of tirah on such 
lands. In addition, a disturbance in the water balance of the crop also occurred 
on soils with low salinity during these spells of hot weather and tirah symptoms 
appeared on such lands where the salinity was low and where tirah did not develop 
in other years. Thus hot and dry weather during the fruiting period produced 
Utah in American cottons on more extensive areas than was normally the case and 
a partial failure of cottons occurred in 1939. In the good crop years such as 1935 
^Fig. 29) no such spells of higher temperatures than normal were found to occur^ 

If the above explanation of the partial failure years of American cottons in 
the Punjab was correct, similar spells of hot weather in fruiting months must have 
occurred in the previous failure years on record. The weather data for the months 
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Fio 29 —The daily max i mum temperatures in the months of September and October 
showing the spells of higher temperatures than normal in 1939 {tirak year) and their absence 
in 1935 (good year). 
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of September and October were, therefore, studied and it appeared that similar 
spells of higher temperatures than normal had occurred in the majority of the past 
failure years (Pig. 30). In some failure years the monthly means of maximum 
temperatures also came out to be higher by 2® to 6® P. than the normal monthly 
means (average of 10 years) on account of the occurrence of hot spells in the two 
months but in other failure years that was not found to be the case. In such years 
either the spell of hot weather was followed by days of very low temperatures or 
the spell of hot weather started towards the end of September and extended into 
the month of October. Consequently, the monthly means of maximum temperatures 
came out to be normal or even below normal in some cases. 

In Table LXIII the departures of the monthly means of maximum tempera- 
tures fr6m the normal monthly means of maximum temperatures and the num- 
ber of days when the temperatures were above normal for Multan and Lyallpur 
are given for good years and for tirak years. Partial tirak years are indicated by an 
asterisk. It will be seen that the characteristic of tirak years was either unusually 
warm September or warm October. The monthly means of maximum temperatures 
in some tirak years were above normal by 2® to 4® P. There were, however, tirak 
years when the monthly means were not above normal. 1926 was a tirak year. The 
monthly mean of maximum temperature in October was higher than normal by 
1.7° P. at Multan but not at Lyallpur. Similarly the monthly mean of maximum 
temperature in September was above normal by 3.6® P. at Lyallpur but it was not 
so at Multan in the partial tirak year of 1937. The day-to-day study of temperatures, 
however, showed that the hot spells had occurred in these years in the two districts 
but the monthly means of maximum temperatures did not come out above normal on 
account of reasons explained above. The intensity and the spread of tirak were 
also found to vary from district to district in the same tirak year on account of the 
differences in the spells of hot weather in the fruiting months in different districts. 


Table LXIII, 



MULTAN. 

LYALLPUR. 


Departures from 
normal monthly 
means of max. 
temperature of 

No. of days when 
max. temperatures 

1 were above normal. 

Departures from 
normal monthly 
means of max. 
temperatures of 

No. of days when 
max. temperatures 
were above normal. 


Sept. 

Oct. 

Sept. 

Oct. 

j Sept. 

Oct. 

Sept. 

Oct. 


Tirak years. 


1926 



— 1.4 

+ 1.7 

, 11 

23 

— 2.3 

+ 0.8 

10 

16 

1927 



+2 0 

+3.3 

21 

30 

+2.1 

+ 1.6 

26 

24 

1928 



+ 0.4 

+ 5.7 

15 

28 

— 0.6 

+2.7 

18 

24 

1932 * 



+ 4.2 

+ 1.3 

29 

20 

+4.1 

+ 1.8 

25 

20 

1937 * 



+ 0.9 

— 1.6 

20 

14 

+3.6 

+ 0.4 

27 

18 

1938 * 



ArO.B 

+ 0.8 

13 

21 

+3.6 

+1.8 

26 

20 

1939 



+ 5.6 

— 0.2 

22 

22 

+5.0 

+ 1.4 

27 

19 

1940 * 



— 1.2 

+ 1.0 

9 

25 

+ 0.7 

+2.7 

19 

29 

1941 * 



— 1.9 

+4.0 

12 

29 

— 1.5 

+3.8 

14 

26 






Good 

years. 





1923 



— 1.2 

1 

— 2.8 

8 

17 

— 0.3 

— 2.6 

18 

14 

1924 



— 4.6 

— 0.1 

1 

17 

— 3.6 

+ 0.4 

3 

14 

1933 



— 2.2 

— 0.2 

9 

18 

— 8.6 

+ 0.6 

7 

18 

1936 



— 0.0 

— 2.6 

14 

0 

+ 1.5 

+ 1.9 

IS 

22 

1936 



— 2.0 

1 + 0.2 

8 

1 

1 

+ 1.9 

+ 0.6 

22 

19 
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COEBELATION BETWEEN YIELDS AND TeMPEBATURES IN THE FbUITING PbBIOD. 

As there was a clear indication that tirah years were characterised by spells 
of hot weatjier in the fruiting period, it was necessary to see if there was any corre- 
lation between yields and maximum temperatures. The correlation coefficients 
were worked out in two ways : (1) The correlation coefficients between yields and 
the maximum temperatures of each fortnight beginning from Ist September up 
to 31st October were determined, (2) the correlation coefficients between yields and 
the degrees above the normal monthly mean of maximum temperatures in a spell 
of eight days or more in September and October were also determined. Two 
periods were taken : 1921 — 1940 for which the yields of Americans per acre were 
available and 1914 — -1940 for which the yields of Americans and desis together were 
available. Prior t(5 1921 American and deal yields were not separately recorded. 
The correlation coefficients were determined separately for the three districts and 
for the three commercial farms located in these districts. 

The results of the correlation coefficients between yields and maximum tem- 
peratures for each fortnight in the months of September and October are given in 
Table LXIV. It will be seen that in the majority of cases there was a negative 
correlation between yields and maximum temperatures and in the remaining cases 
there was a positive correlation coefficient. 

When the correlation coefficients between yields and maximum temperatures 
for September and October taken together were determined, similar complex results 
were obtained. 


Table LXIV. 


Correlation coefficients between tnaxhnum temperatures and yields. 




American yields 1921 — 1940. 

American + desi yields 1914*1940. 



l»t half 
wSept. 

2nd half 
Sept. 

1st half 
Oct. 

2nd half 
Oct. 

1st half 
Sept. 

2nd half 
Sept. 

1st half 
Oct. 

2nd half 
Oct. 

Lyalli)ur 


4-. 1327 

—0.0992 

+.1911 

— .0310 

— .1083 

— .3876 

— .2270 

—.0391 

Montgomery 


—.2836 

— .1707 

—.2031 

— .0436 

— .0120 

—.2813 

—.3342 

—.0267 

Multan 


—.4187 

— .4572 

—.0653 

+.3493 

— .2195 

— .2240 

— .2198 

+.0165 

Brueepur farm 


+.5891 

— .1417 

— .0228 

*« 

— .8899 

1 




Mlllitary farm 


—.1144 

— .1761 

— .4482 

, —.33.56 

' 1 





JJ.C.G.A. farm 


— .3726 

1 

— .2557 

+.1067 1 

1 —.3274 j 




•• 


Similar results were obtained when the yields of Americans and desis were taken 
together for the period 1914 — 1940. It may, however, be pointed out that in most 
of the cases the values of correlation coefficients between yields and maximum 
temperatures were negative, suggesting that yields were adversely affected by high 
maximum temperatures. 

The correlation coefficients for monthly rainfalls and yields for Americans 
were determined for 1921 — 1940 and the results were again complex. In Multan 
district the correlation coefficients between monthly rainfall and yields were positive 
for all the four months but that was not the case in other districts. 

When the spells of higher maximum temperatures than normal were taken 
for this study of exploring the relation between temperatures and yields, it was 





possible to obtain good evidence that hot weather in the months of September and 
October was related to low yields of cotton. For this study the degrees above the 
normal maximum temperatures (average of 10 years) in a spell lasting for 8 days 
or more were taken. It was assumed that a hot spell lasting for eight days in these 
two months was long enough to cause damage to the crop. It was, however, to be 
expected that a continuous spell of 16 days did more damage than two separate 
spells of eight days each separated by a period of normal temperatures. As a study 
of this relationship was considered important the correlation coefficients were 
determined with and without eliminating time trends (secular changes). 


Table LXV. 



Americans only. 
1921—1940. 

1 

Americans + desis. 


Time trends 
not 

eliminated. 

1 

Time trends 
eUminated. 

Time trends 
not 

eliminated. 

Time trends 
eliminated. 

LyaUpur 

—0.4493 

1 

—0.1036 

—0.2635 

—0.2655 

I 

Montgomery 

—0.4776 

—0.4105 

I 

—0.3266 

1 .. 

—0.4126 

Multan 

— 0.72U 

—0.4088 j 

—0.6776 , 

! —0.6666 

Brucepur Farm 

—0.1165 

—0.2266 


. . 

Okara „ 

—0.4958 

—0.4636 

• • 

. . 

B.C.G.A. „ 

—0.6616 

—0.3985 




The results (Table LXV) showed one common feature viz, the values of the 
correlation coefficients were negative in all ca>ses. Thus there was a definite 
indication of a fall in yield as the degrees above the normal maximum temperatures 
in the hot spells in the two months increased. The values of correlation coefficients 
increased from LyaUpur to Multan tract. This result indicated that high tempe- 
ratures affected the yields more in Montgomery and Multan districts than in Lyal- 
Ipur district. The normal maximum temperatures are generally higher in the former 
districts than in the latter. The adverse effect of hot spells in these two months 
on tirah, and consequently the yields, were therefore higher in Multan and Mont- 
gomery districts than in LyaUpur district. The correlation coefficients between 
the degrees above the normal maximum temperatures in hot spells and yields of the 
three forms located in three districts were also negative and the values of coeffi- 
cients were lower at Brucepur (LyaUpur Dist.) than at the two remaining places. 

It is clear, therefore, that the nature of weather factors that caused widespread 
tirah in the failure years could only be studied in terms of the spells of hot weather. 
The monthly or the fortnightly means of maximum temperatures may be misleading 
for, the influence of spells of unusuaUy high temperatures may not figure in the 
averages due to very low temperatures in other days of the month. The prominence 
of a heat speU can also be obUterated m the monthly means, as the speU may start 
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at the close of a month and extend into the next. On the other hand, the damage 
done to the crop during the hot spells may not be repaired by spells of low tempera- 
tures during the same month. 

Numerous attempts have been made in the past to correlate the variations 
in the yields of seed cotton with weather conditions and other geographical factors. 
Those of Smith (1926), Hale (1933) and Fulton (1939) in America, andKalamkar etal. 
(1936) in India, and Crowther and Crowthor (1935) in the Sudan, deserve special 
mention. This investigation has brought in two new features in such a study. 
The study of the effect of weather conditions in relation to soil conditions on yields 
has not been attempted before. Similarly the spells of high temperatures above 
the normal are of greater importance in such a study than the monthly, 
fortnightly or weekly means of maximum temperatures. 

Salinity in the subsoil in the cotton soils of the irrigated tracts of the Punjab 
has been found to be a widely spread feature. Its concentration was also found to 
vary both vertically and horizontally. There were patches of soil where tirak 
occurred every year though it varied in intensity year to year. Tirak spread to 
soils with less salinity when the months of September and October were unusually 
dry and warm. Tirak in such seasons became widespread and intense and general 
failures were caused. The magnitude of the damage caused to the crops when the 
weather in the fruiting period was unusually dry and warm could be seen from the 
fall in yields registered in two fields with a saline subsoil in 1939 as compared with 
the yields in other years when tirak was less intense and was confined to patches 
which had highly saline subsoil. The relative intensity of tirak in different years 
could also be seen from the average weights of seed cotton per boll. 

Table LXVI. 


Field I. I Field II. 


Year. 

1936. 

1938. i 

1 

1939. 

1940. 

1941. 

1937. 

1 

1939. j 

1940. 

Yields in mds. 
per acre . . 

1 

14.50 

15.48 

4.78 

j 

13.53 

18.3 

16.00 

10.09 

17.7 

Wt. of seed cot- 
ton per boll in 
gm. 


1.88 

0.77 

1.70 

1 

2.70 

j 1.98 

1.15 

2.01 


The failure years were thus caused as a result of weather conditions reacting 
with certain soil conditions. 


Though the interaction of temperature with the subsoil salinity in the intensi- 
fication and the spread of tirak has been demonstrated, the relation of weather 
conditions that may be aggravating tirak caused by nitrogen deficiency on light 
sandy soils remains to be explained. During the tirak year of 1939, tirak was found 
to be more intense on light sandy soils than in any one of the previous years under 
observation. There was a definite decrease in the boll weight in such fields as com- 
pared with the boll weights recorded in the previous seasons. It is probable that 
on such lands the factor of physical drought came into operation and further decreas- 
ed the seed maturity in addition to the immaturity of seeds already occurring on 
such soils on account of the indirect effect of a deficiency of nitrogen as already 
explained in Chapter VII. 




CHAPTER Xn. 

‘BAD OPENING’ OF BOLLS IN SIND-AMEWCAN COTTONS IN SIND 

(f) General. 

With the introduction of perennial irrigation in Sind after the construction of 
Lloyd Barrage in 19«32, the acreage under American cotton crop in Sind had consi- 
derably increased so much so that out of a total of 844,697 acres under cotton in 
1946-47 the area under American cottons was 740,139 acres. Nearly 90% of the 
total cotton crop in Sind was, therefore, American. The cotton area in Sind can be 
divided into three tracts on account of small differences in the climatic conditions 
prevailing in each ; (1) South and East tract comprising of Tharparkar and lower 
half of the Hyderabad district ; (2) Middle Sind comprising of Nawabshah district ; 
and (3) North Sind comprising of Larkana district and some parts of Sukkar district. 
Of the three tracts, the first two are situated on the left bank of the Indus river, 
while the third tract is on the right bank. The first was by far the most important 
cotton tract where major portion of the total American cotton crop was grown. 

There are small but important differences in the climatic conditions in these 
tracts. South and East Sind are characterised by a milder climate than Middle and 
North Sind. In South and East Sind the temperatures are as high as in Middle or 
North Sind during the months of April and May but they drop appreciably towards 
the end of June in South Eastern parts as compared with the temperatures prevailing 
in other two tracts where high temperatures continue to prevail uptil September. 
The relative humidity at day is also higher during the growing period in the South 
and East Sind than in Middle and North Sind. Climatically the South and East 
Sind was therefore different from the other two zones, the latter resembling in climatic 
conditions the south-western tracts of the Punjab. The differences in climatic con- 
ditions in the three cotton growing areas of Sind were responsible for the differences 
in the sowing and harvesting time for the cotton crop. The crop was planted and 
harvested in the South and East Sind earlier than in the Middle and North Sind or 
in the Punjab. The climatic conditions in North Sind were still more severe than in 
the Middle Sind. 

Various exotic varieties of cotton, American, African and Egyptian, were import- 
ed and tried in Sind since last about 100 years i.e. much before the opening of the 
Jamrao Canal System in East Sind in 1900, but these attempts met with little success. 
The Pun jab- American varieties were then imported in Sind in 1923-24 and various 
selections were made of which 4F/98 and Sind Sudhar proved to be suitable for grow- 
ing in Sind. These strains were given to the cultivators in 1933-34 and the acreage 
under these strains increased every year since then, with a consequent reduction in 
acreage under the desi types. Later on, another strain named M4 was produced at 
Mirpurkhas by pure line selection, from another Pun jab- American strain called N. T. 
21 and it entered into large scale cultivation in the year 1940. This strain was earlier 
in maturity, gave higher yield and lint out-turn but was coarser than Sind Sudhar. 

M4 has now become a popular strain with the cotton growers in Sind and has 
almost replaced Sind Sudhar. Another Punjab-American variety L.S.S. was also 
grown in Eastern parts of Sind and at one time was very popular with some cotton 
growers. It was, however, going out of cultivation as it was a late maturing variety 
and was found to suffer greatly from the red leaf disease. 
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The Aiperican cotton crop in Sind has been reported to suffer from two types of 
physiological diseases ever since it entered into large scale cultivation. These were 
‘bad opening* of bolls and the red leaf blight. The ‘bad opening’ of bolls indicated 
the prevalence of tirak as in the case of Punjab-American cottons though the periodic 
failures of American cottons accompanied by intensihcation and spread of tirak 
as in the Punjab have not been reported from Sind. The ‘bad opening’ of bolls has 
only been reported in the year 1932 by Barakzai (1938) in his report of Sind Physio- 
logical Scheme which was partly financed by the Indian Central Cotton Committee. 
It will bo shown below that the climatic conditions prevailing in Southern and Eastern 
parts of Sind which ^constituted the major portion of American cotton growing tract 
were not favourable for the general spread of tirak which in this tract was only confined 
to permanent patches of soils with high salinity. The climatic conditions in Middle 
and North Sind are similar to those in Punjab and the ‘bad opening’ of bolls was aggra- 
vated in certain years but as the acreage under American cottons in this tract forms 
a very small proportion of the total acreage in Sind, failure of cotton crop as a whole 
had not taken place in the past. 

The red loaf blight in Sind- American cottons has been of very frequent occur- 
rence. It is reported almost every season in the months of September- October 
though its intensity and spread may vary from year to year. No specific men- 
tion of particular years as red leaf blight years has been made. It appeared from 
observations made on the crop during the period 1942 to 1946 that leaf reddening 
was a common phenomenon and it was very widespread in the Southern and Eastern 
cotton zones of Sind. Though there was no experimental evidence of the lowering 
of yield as a result of rod leaf blight, it was believed that such lowering of yield was 
caused by this disease. 

It was, therefore, undertaken to investigate the causes that produced 
the symptoms of ‘bad opening’ of bolls and the red leaf disease in Ameri- 
can cotton grown in Sind and to remedy them if possible. A scheme financed 
jointly by the Indian Central Cotton Committee and Sind Government was sanc- 
tioned in 1943 for a period of three years and the results obtained are briefly discussed 
here. In this Chapter the causes and the amelioration of ‘bad opening’ of bolls in 
Sind- American cottons are discussed and in the next Chapter the causes and remedies 
for the red loaf disease are summarised. 

(n) The two soil types associated with ‘bad opening* op bolls. 

During the cotton season of 1942 several fields were noticed in the diflTerenl' 
parts of Sind where the American cottons showed symptoms of ‘bad opening’ of 
bolls which contained immature seeds with poor quality of lint. The drooping and 
shedding of leaves in some fields were found to have been associated with ‘bad 
opening’ of bolls. These symptoms resembled tirak symptoms described for Punjab- 
American cottons in the Punjab on soils with saline sub-soil. The yellowing and 
shedding of leaves was also a feature of Sind- American cottons in Sind and these 
symptoms indicated light sandy lands deficient in nitrogen. It was, therefore, 
undertaken to determine if the same two soil types, viz, (1) Soils with saline soils 
and (2) Light sandy lands deficient in nitrogen were associated with ‘bad opening’ 
of bolls in Sind as was found to be the case in the Punjab. 

Analysis of the soil upto a depth of six feet from fields, where drooping and 
shedding of leaves accompanied by ‘bad opening’ of bolls waj3 found to occur in 
different cotton tracts, was made and it was found that such fields contained abno r- 
mal quantities of soluble sodium salts in the sub-soils as was the case in the Punjab. 
Results of soil analysis for two places are given below in Table LXVII. 
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Soluble sodium was found to be higher than soluble calcium while exchangeable 
sodium was present in some cases but not in others. Similar results were obtained 
from the analysis of the soil samples taken from fields where tirak had occurred in 
other parts of Sind. 

Light sandy soils were found to be widely distributed in Sind. In chemical 
and physical properties they resembled the light sandy lands met with in the Punjab 
{vide chapter IV). In many cases the clay was lower than 10%. Such light sandy 
soils were found to contain normal quantities of soluble salts in some cases while in 
some cases they wore found to contain abnormal amounts of sodium salts. Thus 
both tirak promoting conditions were also found associated together as in the Punjab. 

Table LXVIII. 


Light aandy soils with normal sub-soils. 
DENISAR ESTATE— (East Sind) 


Depth, in ft. 

Total 

salts. 

/o 

Soluble 

calcium. 

% ; 

Soluble 

sodium. 

0/ 

/o 

Clay. 

% 

Silt. 

% 

Sand. 

% 

Ist ft 

0.063 

0.010 

0.008 

7 

14 

76 

2nd . 

0.060 

0.010 

0.007 

11 

17 

72 

3rd „ . . 

0.068 

0.009 

j 0.00,5 

9 

26 

64 

4th „. . 

0.066 

0.013 

1 0.007 

9 

34 

56 

6th „ .. 

0.093 

0.014 

j 0.007 

15 

39 

45 

6th ,, 

0,080 

0.014 

1 0.006 

23 

54 

22 


The crop on light sandy land showed premature yellowing and reddening of 
the leaves in the months of August and September. The red leaf blight generally 
developed on such lands and the investigations on this physiological disease will bo 
dealt with in the next Chapter, 

In addition to the abovementioned soil types found in Sind there were soils 
which contained a very high proportion of clay varying from 30 to 50% of the total 
in dijBFerent layers. Such soils were not found suitable for cotton growth as the 
crop remained small and stunted. These soils were also found unsaturated with 
bases. 

{Hi) Amelioration of ‘bad opening’ by delaying sowings. 

As late sowing was found to be a common remedy for tirak occurring on both 
soil types in the Punjab, it was undertaken to try out this measure to ameliorate 
‘bad opening’ of bolls occurring in Sind- American cottons in Sind. It was necessary 
to arrange experiments on the two soil types in the different parts of Sind as the 
normal sowing period for cottons differed in the three different tracts. It was 
decided to go beyond the normal sowing period by one month or more to determine 
the remedial effect of late sowing on the ‘bad opening’ of bolls as compared with the 
^bad opening’ occurring in the normally sown crop. Three to four sowing dates 
were, therefore, included as treatments in each experiment. M4, L.S.S. and Sind 
Sudhar were the three varieties normally grown in Sind and these were included in 
the experiments. In addition, the different Punjab- American cottons like 289P/K26, 





14a 


289F/124 and 280F/19d were also included in some of these experiments. In some 
experiments laid out on light sandy lands the application of sulphate of ammonia 
was included as a separate treatment besides the late sowing, to study, the remedial 
effect on ‘bad opening’ of bolls of the application of sulphate of ammonia to light 
sandy lands. The effect of application of an extra irrigation during fruiting period 
to heavy sandy loams with saline sub-soils on ‘bad opening’ of bolls was also studied 
in some experiments in view of the results obtained in the Punjab. All experiments 
were designed employing modern technique as was done in the Punjab. The details 
of each experiment conducted in Sind are not given to economise space. The 
experiments were conducted during the period 1943 to 1946. Tte boll weight deter- 
tninations were made from randomised plants in each sub -plot of all the replicates 
at each picking and the results were statistically analysed. The boll weight deter- 
minations were made in 16 such experiments and the results of some of these experi- 
ments are given below in Table LXIX. The results obtained again confirmed the 
findings in the Punjab. Late sowing was found to decrease ‘bad opening’ on both 
the soil types and in all varieties experimented upon. There was in all experiments 
an increase in weight of kapas per boll as the sowing time advanced indicating 
better maturity. 

Cotton sowings in South and East Sind normally began by the third week 
of March and terminated by the end of April. So May and early June sowings 
along with March and April sowings were also included in the experiments 
conducted in this tract. It was found that later sowings gave significantly higher 
boll weight than the normal sowings (Table LXIX), both at Kinjhejhi and Denisar 
Estate which were situated in South-Eastern parts of Sind. M4 strain gave signifi- 
cantly higher boU weight than Sind Sudhar or L.S.S. 

The normal sowing period for the middle Sind was between the middle of May 
and the middle of June, so late June and July sowings were included along with nor« 
mal sowings in the experiments conducted in that tract. The results obtained in 
the two of the sowing date experiments conducted at Sakrand and at Pad Idan in 
this tract are given in the Table LXIX. The end- June and July sowings gave signi- 
ficantly higher boll weights than the first two sowing at Sakrand. Similarly at Pad 
Idan the i^st two sowings suffered more from ‘bad opening’ of the bolls than the last 
two sowings. 

(iv) Ameliobation or ‘bad opening’ by application op nitrogen. 

The effect of the application of nitrogen fertilizers on light sandy lands on the 
opening of bolls was studied in some of the experiments and it was found that manured 
plants produced better maturity of seeds than the unmanured plants. 

Table LXIX. 


The remedial effect of late sowing on 'had opening' of holls as determined by the increase 
in weight of seed cotton per hoU in gm. 


Variety. 

Experiment No. 7 

Klnjheii (1948) 

Variety. 

•Experiment No. 2 

Denisar Estate (1943) 

Sowing dates 

Sowing dates 

29th 

^rch 

19th 

April 

II 

Mean 

(+0.048) 

2nd ! 28rd 
April j April 

leth 

May 

3rd 

June 

Mean 

(+0.041) 

M4 

SlndSiidbas .. 
L. S. S. 

Mean (•|■0.06^) | 

1 

2.45 

1.72 

2.24 

2.14 

1 

2.84 

2.11 

2.39 

2,45 

8.25 

2.05 

2.49 

2.60 

8.71 

2.79 

2.92 

3.14 

3.06 

2.17 

2.51 

M4 

Sind Sndhar 

L. S. 8. 

Mean (+0.072) 

2.43 

2.57 

2.69 

2.63 

2.86 

2.74 

2.72 

2.77 

8.80 

3.16 

2.88 

•■"1 

3.55 

3.26 

2.89 

3.23 

3.04 

2.93 

2.77 




Experiment No. 24 

Sakrand ^943) 


Experiment No. 32 

Pad Idan (1946) 

Variety. 

1 

1 

' Sowing dates ' 

Variety. 

Sowing dates 

14th 

May 

3rd 

June 

24th 

June 

17th i 
July 1 

Mean 

22nd 1 
May 

7th 

June 

22nd 

June 

7th 

July < 

Mean 

(+0.05) 

M4 

2.71 

2.77 

I 3.07 

2.77 

1 2.83 

M4 

2.10 

2.16 

1 2.26 j 

[ 2.38 1 

2.22 

Sind Sudhar . . 

2.20 

1 2.22 

2.33 

2.71 

2.37 

Sind Sudhar . . 

1.24 

1.62 

1.80 

1.99 

1.66 

289r/K25 .. 

2.72 

2.6f 

2.98 

2.82 

2.78 



1 

i 



289F /124 

2.67 

2.52 

3.11 

2.97 

2.82 







Mean (+0.11) 

2.57 

2.53 

2.87 

2.82 

1 

Mean (+0.11) 

1 

1.67 

t 

1.89 

2.03 

2 18 



The results of boll weight are given for the experiments conducted at Denisar 
Estate, Hyderabad and Sakrand in the following Table LXX. 

Table LXX. 

The remedial effect of the application of sulphate of amynonia on 'bad opening' 

of bolls. 



Exporiruont No. 4 
Donisar Estate (1944). 



Experiment No. 18 

1 Hyderabad (1944). 

Experiment Xo. 26 
Sakrand (1944) 

Control. 

Manured. 

1 Control. 

1 Manured. 

\ 

Control. 

Manured. 

M4 

2.42 

2.60 

3.17 

3.26 

2.83 

3.06 

L. S. S 

2.28 

2.40 

2 . 55 

2 . 80 

2.13 

2.49 

Sind Sudhar 

2.06 

2.14 

2.52 

2.72 

2.22 

2.65 

Moan 

2,25 1 

2.38 

2.75 

2.93 

2.40 

2.73 

S. E 

(+0.06) 

(+0.03) 

(+0.06) 


There was a significant increase in boll weight as a result of application of sul- 
phate of ammonia indicating better maturity of seeds in the manured plots. It 
may be mentioned that ‘bad opening’ was generally more pronounced on soils with 
saline sub-soils than on light sandy lands. As two sowing dates were included in 
the above experiments the results for the control and manured plots were an average 
of two sowing dates and consequently the ameliorative effect of later sowing has in- 
creased the boll weight in the control plots. If the results of control and manured 
plots of the first sowing are studied separately, the differences between the boll 
weights under two treatments would be still greater. 

(v) Results of all bxperiements on amelioration of ‘bad openino.’ 

The results of the mean weights of seed cotton per boll in gm. under different 
sowing dates averaged over all other treatments along with standard errors for the 
16 complex experiments conducted from 1943 to 1946 are given in the following 
Table LXXI. A study of the results will show that there was a progressive increase 
in the weight of seed cotton per boll as the sowing was done later in each tract of 
Sind indicating ‘better opening’ of bolls. In Experiment No. 19 conducted at 
Hyderabad the boll weights under all the four sowing dates were nearly the same 
indicating normal opening under all sowings. 
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Tablb VSSl. 


Mean might of seed cotton per boll in gm. under different sowing dates. 



Place 

Year 

Sowing dates 

S. E. 

2 

Denisar Estate .. 

.. 

1943 

2nd April 
2.53 

28rd AprU 
2.77 

16th May 
8.11 

8Td June 
8.23 

+0.072 

3 

»» 


1044 

26th March 
1.60 

15th AprQ 
1.89 

4th U«7 
1.96 

25th May 
2.04 

+0.068 

4 

1 


1944 


18th April 
2.21 


22nd May 
2.42 

+0.061 

6 

If 


1946 

1st April 
2.28 

15th April 
2.40 

80th AprU 
2.51 

15th May 
2.69 

+0.068 

7 

Xinjhejlii 


1943 

20th March 
2.14 

19th April 
2.45 

9th May 
2.60 

80th May 
8.14 

+0.062 

8 

•• 


1944 

8th April 
2.38 

26th April 
2.64 

15th May 
2.79 

8rd June 
2.92 

+0.076 

12 

Mirpurkhas 


1943 

9th April 
1.73 

30th April 
2.10 

20th May 
2.90 

10th June 
3.23 

+0.074 

18 

Hyderabad 


1044 


22nd AprU 
2.70 


22nd May 
2.08 

+0.035 

19 

If 


1944 

17tb April 
2.94 

7th May 
2.85 

3rd Juno 
2.86 

24th June 
2.90 


20 

If 


1945 


30th AprU 
2.84 j 

2lBt May 

1 8.04 

1 11th June 
8.68 


21 

>f 


1046 

15th April 
2.56 

30th April 
2.67 

15th May 
2.71 

30th May 
2.85 

+0.069 

24 

Sakrand 


1943 

14th May 
2.67 

3rd luno 
2.53 

24th June 
2.87 

17th July 
2.82 

+0.11 

25 

ff 


1943 

22nd May 
2.85 

10th June 
3.28 

8rd July 
3.39 

22nd July 
8.26 


26 

ff 


1944 


25th May 
2.44 


25th June 
2.60 

+0.068 

29 

1 

ff 

.. 

1946 

18th May 
2.25 

3rd June 
2.45 

22nd June 
2.45 

8th July 
3.01 


32 

Pad Idan 


1046 

22nd May 
1.67 

7th June 
1.89 

22nd June 
2.08 

7th July 
2.18 

+0.11 


(VI) The efesot of late sowing in combination with closer spacing 

ON YIELD. 


Late sowing was thus found to ameliorate *bad opening’ of bolls on both the 
soil types in Sind American cottons in Sind. It was also observed that the yellowing 
and reddening of the leaves on light sandy lands did not occur at all or occurred to a 
lesser extent in crop sown later than the normal time. It wasj therefore, necessary 
to study how far and to what extent this measure of late sowing can be put into actual 
practice. It was diown in the investigations conducted in the Pimjab that late 
sown crops suffered from a serious disadvantage of a reduction in bearing on accoux^t 
of a reduction in the vegetative growth caused by a delay in sowing and this defect 
was partially counteract by ^option of closer spacing than the normal spacing 
of three feet between rows and one and a half feet between plants. It was, 
therefore, necessary to determine how far the sowings of cotton in the different tracts 
in Sind could be delayed so as to minimise dam^e caused by ^bad opening’ of bolls 
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and the red leaf blight without in any way reducing the yields by a decrease in bearing. 
The optimum sowing periods for cotton in the different tracts that would give maxi* 
mum }^ields had to be determined by adopting the measure of closer spacing between 
rows and between plants. 


The first reference to the optimum sowing period for cottons in Sind was found 
in the final report of the Sind Physiological Scheme financed jointly by the Sind 
Government and the Indian Central Cotton Committee from 1927 to 1937. The 
recommendations fo^ cotton sowings were based on the sowing date experiments 
conducted in the Scheme. It is stated on page 69 of the report written by Sankaran 
(1938) : “If due weight is given to these results it would appear that April has been 
the optimum sowing period during all years and can therefore be recommended. 
It must, however, be remembered that the results are applicable to middle Sind 
(Nawabshah district in which Sakrand is situated). In South and East Sind (Hyde- 
rabad and Tharparkar distrricts) which are characterised by milder climate the 
sowings may have to be earlier.” 


The above recommendations have not been adopted as the Departmental re- 
commendations as given in the Departmental Leaflet No. 48 (2nd Edition : 1943) 
were entirely different and were apparently based on the experiments conducted by 
the Departmental staff. The recommendations for sowing of cotton for these tracts 
were : (1) Jamrao Tract (East Sind) End of March to end of April (2) Hyderabad 
Tract (South Sind) — 15th April to 15th May and (3) North and Middle Sind — 16th 
May to 15th June. 

In all previous experiments conducted in Sind spacing was not included as a 
separate factor for study in the sowing date trials. It is recommended to sow cot- 
ton at a distance of 3 feet between rows irrespective of sowing date in the sowing 
period. It would be shown below that May sowings in Hyderabad and June sowings 
in Middle Sind should be done closer than at 3 feet distance to give maximum yields. 
It was, therefore, necessary to include different spacings in the sowing date experi- 
ments that were primarily conducted to determine how far sowings of cotton could bo 
delayed so as to minimise ‘bad opening’ of bolls and to give highest out-turn per acre. 


Factorial experiments consisting of all combinations of two to four sowing dates 
and two to five varieties of Sind- American and Punjab- American cottons were con- 
ducted from 1943 to 1946 in East Sind, South Sind, Middle Sind and North Sind. 
The design and layout of these experiments were similar to those arranged in the 
Punjab and therefore they are not described in detail. In some of the experiments 
spacing was included as a separate factor to determine the best combinations of 
spacings with sowing dates as the sowing date advanced while in other experiments 
in view of the established relation between sowing date and spacing in the Punjab 
experiments, the spacing was reduced to 3 feet, 2^ feet, 2 feet and 1^ feet as 
the sowing date advanced by about a fortnight. The plant to plant distance was 
always kept equal to half the row to row distance at the time of final thinning. 


The results of the sowing date experiments conducted in the four different 
tracts are given below which would indicate the optimum sowing period for each tract 
from the point of view of yields. 
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At Benisar in East Sind the optimum~jK>wu^ period appeared to be between 
6th April and the end of April (Table LXXil) biit in other experiments (Table 
LXXllI-E^t. Nos. 3 to 6) the May sowing gaye higher yield than the early April 
sowing. Similar remarks applied to Mirpurkhas. In other experiments conducted 
at Mirpurkhas or round about Mirpurkhas the June sowing gave very low yield 
(Table No. LXXIII-Expt. No. 14). The same remarks applied to the experiments 
conducted at Hyderabad and at Sakrand (Table LXXII). 

Table LXXII. 


Yield in maunds per acre under different sowing dates in different tracts. 


Variety. 

Experiment No. 12 

Mirpurkhas (1943) 

(East Sind) ^ 

Variety. 

' i 

Experiment No. 6 

Denisar Estate (1945) 

(East Bind) 

Sowing date 



Sowing date 


9th 1 
April . 

30th 
April j 

20th 

May 

10th 

Juno 

Mean 

(+0.340) 

6th 

April 

25th 

April 

1.5th 

May 

6th 

June 

Mean 

(+0.40) 

M4 

16.2 

19.5 

20.5 

18.8 

18.7 

M4 

15.0 

17.0 

13.0 

8.0 

13.3 

Sind Sudhar . . 

10.3 

12.9 

18.4 

13. C 

13.8 

L. S. S. 

13.6 

14.1 

12.0 

6.6 

11.6 







289r/124 

13.7 

14.6 

10.8 

4.6* 

1 10.9 

Hybrids . . ' 

6.0 

7.7 

13.7 

8.8 

8.8 

289F/199 

11.2 

15.2 

12.3 

7.0 

11.4 







Cambodia 

; 12.8 

13.9 

10.4 

4.6 

10. 4 

Moan(+ 0.676) 

10.5 

13.4 

17.5 

13.8 


Mean (+0.93) 

j 13.3 

15.0 

i 

11.7 

0.2 



Variety. 

Experiment No. 20 1 

Hyderabad (1945; 

(South Sind) 

Variety. 

Experiment No. 24 

Sakrand (1943) 

(Middle Sind) 

Bowing date 

Sowing date 

30th 

April 

2lBt 

May 

11th 

Juno 

Mean 

(+0.46) 

14th 

May 

3rd 

June 

24th 

June 

17 th 
July 

Mean 

(+0.476) 

M4 

23.5 

21.9 

25.6 

23.6 

M4 

12.6 

12.2 

13.2 

12.9 

12.7 

Sind Sudhar . . 

17.2 

18.5 

17.8 

17.8 

Sind Sudhar . . 

10.7 

10.1 

11.2 

12.1 

11.0 

L. S. S. 

15.5 

18.6 

21.7 

18.6 

289F/K25 .. 

11.3 

11.0 

13.8 

12.3 

12.0 

289F /124 

20.8 

19.8 

17.0 

18.9 

289F/124 

11.1 

11.1 

13.1 

12.8 

11.9^ 

280F /199 

16.7 

17.5 

18.4 

17.6 







Mean (+1.09) 

18.6 

1 

19.2 

20.1 


Mean (+0.99) 

11.4 

1 

11.1 

1 

12,7 




The main difficulty in field experimentation that was encountered in 
Sind was the ununiform stand of the crop in the plots. It was difficult to get an uni- 
form stand in all experimental plots. In some experiments half of the total experi- 
mental area was devoid of plants. The chief factors that produced gappiness were 
white ant, root rot and saline patches. It was also considered not very accurate 
to make suitable corrections for stand by adopting standard methods as the plants 
in and bordering the gaps produced very vigorous growth which they would not 
do if they were surrounded on all sides by other plants. As the gaps were too many, 
population showing such abnormal growth was great. 
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{ vii ) Results of all the sowing date experiments in Sind. 

In all, 38 complex experiments were conducted in Sind in order to determine the 
optimum sowing period of commonly cultivated varieties of cotton by adopting the 
measure of closer spacing as the sowing date advanced. These experiments were 
laid out in 5 tracts : (1) South-East Tharparkar ; (2) North-West Tharparkar ; 

(3) Hyderabad ; (4) Middle Sind and (5) North Sind to determine small differences 
in the optimum sowing periods even in the different parts of the same tract. Some 
of the experiments were conducted by the Departmental staff under the guidance 
of the author. Some of these experiments (marked with asterisks in Table No. 
LX XIII), were spoiled either on account of locusts, root rot, saline land, white ants 
or failure to keep spacing as required for the later sown crops. These defects in the 
experiments were kept in mind while arriving at final conclusiono regarding the op- 
timum sowing time for cotton in each tract. 

The mean yield averaged for all treatments under each sowing date with appro- 
priate standard error for each exi)criment is given in Table No. LXXIII. The 
year and the name of the place where the experiment was conducted are also 
given. 


[ vUi ) Optimum sowing periods for cotton in Sind. 

In deciding upon the optimum sowing time for cotton from the results of the 
ex])eriments conducted in Sind the differential effect of spacing and nitrogen 
on different sowing dates will have to be taken into account. In Table 
No. LXXIII only mean yields are given and the mean yic^lds under later sowings 
are much lower than they are under close spacing alone. In experiment 
Nos. 4, 14, 15, 18, 23, 20 and 27, different spacings, wide, medium and close, were 
included as sejjarate treatments and the mean yield under each sowing date was an 
average of the three spacing types. This mean yield under last sowing date was 
therefore lower than the mean yield obtained under close spacing alone as the de- 
pressing effects of wide and medium were included in the former. The same was 
not the case with the early sowings where closer spacing did not prove disadvantage- 
ous to them from the yield point of view. 


Similarly early sowings gave much higher increases in ydelds by manuring than 
late sowings ; hence in arriving at final conclusions the results of ydeld under differ- 
ent sowing dates in the absence of manuring will have to be considered. 


There were also other environmental and local factors that must be taken into 
consideration in fixing the sow ing periods and they arc briefly mentioned below. 

The climatic conditions in the Tharparkar and Hyderabad tracts (So nth and 
East Sind) at the fruiting stage were such that there w^as no possibility of an increase 
in the intensification and the spread of ‘bad opening’ of bolls and causing cotion fai- 
lures as had been the case in the Punjab. In this major American cotton growing 
tract tlie ‘bad opening’ of bolls would be only confined to highly saline lands. It 
w as not therefore necessary to delay the sowings too long in this tract as that w'ould 
entail other disadvantages mentioned below. 
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Table LXXIII 


Mean yields per acre under different sowing dates in Sind (1943>1946), 



Place 

Year 

Sowing dates 

S. B. 


South-East 

Thabp 

ARKAB (Opti 

mum sowing 

timexBiBt Ap 

rlito 16th H 

ay) 

1 

Denisar Estate 

1043 

23rd March 
14.0 

6th April 
16.3 

20th AprU 
16.6 

4th May 
18.0 

+0.76 

2 

„ .... 

1048 

2nd April 
18.86 

2Srd April 
18.06 

16th May 
18.86 

8rd June 
16.51 

+ 0.878 

3 

It • * . . 

1944 

25th March 
6.99 

15th April 
10.20 

4th May* 
9.44 

24th May 

7.96 

0.406 

4 


1044 


22nd April 
10.88 


23rd May 
0.58 

4,0,602 

5 

.. .. .. 

1945 

6th Apr! 
13.3 

25th April 
16.0 

15th May 
11.7 

6th Juno 

6.2 

4.0.03 

6 

ft .... 

1946 

let April 
12.1 

15th April 
11.6 

30th April 
12.8 

15th May 
13.5 

4.0.636 

7 

Einjhejhi 

1943 

29th March 
13.02 

19th April 
17.41 

0th May 
17.44 

30th May 
18.51 

4.0.927 

8 

„ .. .. 

1944 

8th April 
18.13 

26th AprU 
18.21 

15th May 
19.86 

3Pd Jun 
16.97 

+ 0.84 

9 

•Jamesabad 

1945 

28th March 
7.1 

15th April 
7.7 

3rd May 

6.3 

2l8t May 
4.3 

+0.478 

10 

♦Umarkot 

1945 

2dth March 
21.8 

15th April 
15.6 

Srd May 
12.8 

2l8t May 
10.0 

4.0.98 

11 

•Talhi 

1045 


20th April 
12.3 


18th May 
8.3 

^0.60 


Nokth-East 

T ARP 

ABKAB (Opti 

mum sowing 

time sloth A 

pril to 25th M 

ay 

12 

Mirpurkhas-Cotton Botanist’s 
Farm 

1043 

9th April 
10.50 

SOtli April 
13.39 

20th May 
17.56 

10th June 
13.76 

+0.52& 

13 

MirpurkhaS’EthelduDe Farm . . 

1043 

13th April 
7.85 

4th May 
6.89 

24th May 
7.38 



14 

Mirpurkhas Seed Farm 

1945 

2nd May 
17.2 

18th May 
16.0 

31st May 
12.2 

14th June 
8.1 

+ 1.18 

15 

t, 

1946 

8th April 
13.9 

23rd April 
14.3 

8th May 
14.8 

25th May 
14.7 

+ 0.88 

16 

•Tandoallahyar 

1946 

1 

16th April 
22.0 

3rd May 
21.9 

20th May 
19.7 

8th June 
18.4 

+ 1.20 

17 

Tando Jam 

1946 

22nd April 
18.1 

5th May 
13.5 

20th May 
18.5 

2nd June 
12.4 

+ 1.65 



Htdeba 

BAD (Optimu 

m sowing tim 

esi6th April 

to 30th May) 


18 

Hyderabad 

944 

22nd April 
13.80 


23rd May 
15.93 


+ 0.604 

10 

It ... 

1944 

17th April 
21.61 

5th May 
17.07 

3rd June 
15.06 

24th June 
16.29 

+ 1.16 

20 

It . • . . - . 

1945 

30th April 
18.6 

21st May 
10.2 

11th June 
20.1 


+ 1.00 

21 

.. .. 

1946 

15th April 
16.9 

80th April 
U.8 

16th May 
12.1 

30th May 
12.8 

+ 1.18 

22 

Oderolal 

1945 

5th May 
20.5 

17th May 
21.2 

1 2nd June 
18.4 

16th June 
17.6 

±1.76 
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Table LXXIII— <5on«d. 



Place 

Year 


Bowing dates 

1 

1 

S. £. 




Hyderabad 

— conW. 




23 

Odeiolal 

1946 

MIDDL 

19th April 
16.1 

£ SIND <Opti 

4th May 
11.7 

mum sowing 

19th May 
11.1 

time s 20th M 

3rd June 
14.1 

ay to 30th Ju 

io.oo 

ne) 

24 

Sakiand . . . . • . 

1943 

14th May 
11.44 

3rd June 
11.10 

24th June 
12.72 

17th July 
12.42 

^.O.Od 

25 

Sakrand, A. R. S 

1943 

22iid May 
15.77 

10th June 
15.99 

3rd July 
14.34 

22nd July 
17.07 


26 

,, .... 

• 

1944 

25th May 
16.15 


25th June 
14.33 


+0.587 

27 


1944 

25th May 
14.43 


25th J une 
10.56 


+ 0.911 

28 


1945 

20th May 
13.4 

0th June 
11.4 

20th June 
11.5 


+ 0.99 

29 

»t .... 

1946 

18th May 
9.9 

3rd J une 
12.7 

22nd June 
11.5 

8th July 
9.3 

+0.92 

30 

*Nawab8hah 

1944 

iBt Jane 
15.18 

20th June 
16.14 

7th July 
12.22 

27th July 
3.06 


31 

If • • • • • • 

1940 

10th May 
20.0 

25th May 
18.6 

10th June 
18.1 

26th Juno 
21.0 

+1.08 

32 

•Pad Idan Farm 

1945 

21 St May 
24.0 

8th June 
16.0 

2CthJune 

18.8 

14th July 
17.2 

+ 1.55 

33 

” 

1946 

22nd May 
10.3 

7th June 
11.2 

22nd June 
9.6 

7th July 
11.0 

I 

+0.50 

34 

♦Tharushah 

1945 

2l8t May 
14.3 

8th June 
11.6 

26th June 
14.8 

14th July 
11.5 

+ 0.80 




Nobth S^nd 





35 

DokrI A. R. S. 

1943 

2l8t May 
6.66 

12th J line 
10.89 

Ist July 
10.00 

21st July 
5.90 

i 

1 +1.246 

36 

.. 

1943 

6th June 
7.43 

27th June 
9.72 

lOth July 
8.80 

1 28th July 
5.66 

1 +0.896 

37 

fl • • * • 

1945 

21st May 
7.7 

8th June 
9.2 

26t h J une 
7.6 

14th July 
0.45 

i +0.940 


•Dadu Farm 

1945 

6th June 
6.0 

24th Jun«» 
4.0 

10th July 
4.0 

22nd July 
2.2 

! 

1 +0.6.59 


There was ako an earlier onset of reproductive phase in the month of June in 
this tract as compared with other tracts where the reproductive phase sets in in the 
monthof July or August. It was, therefore, necessary to plant the crop sufficiently 
early to enable it to produce adequate vegetative structure before fruiting begins ; 
otherwise there would bo a great reduction in bearing points per acre which cannot 
be made up by oven adopting closer spacing. 

It was also not practical to delay sowings which would necessitate the adoption 
of close spacing than 2 feet between rows as the cultivators may not drill cotton seeds 
at a closer distance than 2 feet in order to keep adequate space between the rows for 
interculture. It may be stated here that the major part of the cotton crop in 
Sind was at present broadcast and not drilled and in order to give effect to these 
recommendations, cotton will have to be sown in lines. 

The danger of damage caused by Jassids especially to late so^\^l crop was 
always there as both the Sind- American varieties M4 and Sind Sudhar were 
susceptible to this insect pest. 
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It was also necessary to safeguard against delays in sowing caused by unfore- 
seen factors such as canal closure, untimely showers of rain and this can be avoided 
by starting sowings earlier than the date arrived at from the results of the experiments. 

The Department of Agriculture, Sind, has recommended, as stated before, a sow- 
ing period of 30 days for each tract. In view of what is stated above it was considered 
advisable to fix a 40 to 45 day sowing period so that sowings can be completed in time 
in spite of unforeseen difficulties. If, however, a cultivator can manage to sow all 
his cottons in a shorter period than the one recommended below ho can start this sow- 
ings with advantage 10 to 15 days later than the dates indicated below. 

It was found, by experience, advantageous to sow all unfertile or poor lands in the 
first half of the sowing period recommended as later sowings have been found greatly 
depressed in growth and very liable to Jassid damage on such lands. 

As all the experiments arranged in North Sind (with the exception of Experi- 
ments Nos. 35 and 36 of 1943) were spoiled either on account of root rot, white ants 
or frost, no recommendations for the optimum sowing period for cotton in that tract 
could be made. It may be stated here that the acreage under Americans in North 
Sind was very small and negligible and the sowing period in North Sind was found 
more or less to correspond with the sowing time in Middle Sind. 

The following Table LXXIV gives the recommended sowing periods for cotton 
in the different tracts after taking into consideration the results of all the experiments 
and the various points discussed above. 

Table LXXIV. 


Optimum sowing time for American cotton in different tracts of Sind, 


Tract. 

Sowing period. 

1st fort- 
night 

Spacing in 

2nd fort- 
night 

3rd fort- 
night 

• 


of the sowing period. 

Soiith-^East Tharpar- 
kar 

1st April to 16th May 

3' X 1}' 

2i' X 1' 

2' X 1' 

North-East Tharpar- 
kai 

ICth April to 25th May 

ii 


ft 

Hj'derabad Tract 

1 6tb April to 30tb May 

ft 


ft 

Middle Sind . . 

20th May to 30th June 

1 

ft 


ft 


The spacing was kept as a separate factor for study in several experiements 
(Experiment Nos. 4, 12, 14, 15, 18, 23, 27, 32, 33 and 37 in LXXIII) and the 
necessity of adopting closer spacing than 3 feet between rows for the late sown crops 
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was completely borne out by the results of these experiments with some exceptions. 
In some experiments closer spacing than 3 feet between the rows even proved bene- 
hcial for the early sown crop while in other experiments there was no benefit derived 
by closer Spacing than 3 feet between the rows. In majority of experiments late 
sown crops when spaced at 3 feet distance gave very low yields as compared with 
the yields obtained with closer spacings. The spacings recommended above (Table 
LXXIV) for each fortnight of the sowing period for each tract have been partly 
based on the results of the experiments and partly on observations made on the crops 
sown at different dates with different spacings. It was determined under which com- 
bination of spacing and sowing date the crop had covered the ground by the meeting 
of the adjoining rows of cotton plants. If the sowings are required to be done after 
the last dates given above, the crops should be sown at a distance of 1 1 feet between 
rows and thinned to 9 inch distance within the row. 


Table LXXV. 

Yield in maunds per acre under different combinations of sowing dates and 

spacing^ 



1 

Experiment No. 1 2 


1 ! 

Experiment No. 22 

spacing 
between rows 


Mirpiirkhas (1043) 
(South Sind) 
Sowing dates 

i 

1 

1 « . 
j Spacing 

Oderolal (1945) 

(Hyderabad Dist.) 

Sowing dates 

0th 1 
April 1 

30th 
April 1 

28th 

May 

10 th j 
June j 

Mean 

(+0.85.5) 1 


1 5th 

1 May ' 

1 

\ 17th 1 
j May ! 

2nd 1 
i June 1 

1 1 

16th j 

June 1 

1 Mean 

l(+0.60) 

1 

U f fc. . . 1 

1 

1 

12.7 ; 

17.6 

! 16.90' 

14.3 

Close 

21.0 

' 23.7 

19.1 

19.3 

1 

2 ft, 

1 1 
i 

13.8 

10.7 

13.10 

13.7 

M(‘<Iium 

21.6 

; 21.0 

17 4 

17.0 


2i ft. 

, 11.2 

1 13.8 

19.2 

U 0 , 

: 14.5 1 

Wide . 

18.8 ^ 

1 18. S 1 

I 18.6 

16.2 


3 ft. 

! 9.8 

13.0 

16.8 

10.8 j 

12.7 



1 




Mean (+0 . 525) 

1 10.:, 

/3.1 

1 

77./; 

13.3 ! 
j 


Mean (+1.76) 

30.5 

21.2 

13.4 

17.5 



As the number of cotton rows will increase as the spacing between the rows is 
reduced from 3 feet to 2 feet, it would be necessary to increase proportionately the 
seed rate per acre in order to get the required stand. The standard seed rate recom- 
mended by the Department of Agriculture for cottons sown at 3 feet distance was 
24 lbs. per acre. So the seed rate will have to bo increased to 28 lbs. and 32 lbs. 
per acre for the cotton sowings in the second and the third fortnight of each sowing 
period. In the experiments conducted in Sind slightly higher seed rates than those 
given above were used to ensure the spacings required to be kept. 

The Sind- American strain M4 gave higher yields per acre varying from maunds 
to 5 maunds (Table LXXII) than the other strain Sind Sudhar in 27 experiments 
out of a total of 37 experiments in which two varieties were included. In the re- 
maining experiments the yields of the two varieties were nearly equal. This differ- 
ence in the yielding capacities of the two varieties was greater in the South and 
East Sind than in the Middle Sind where Sind Sudhar gave as high yields as M4. 
This may have some relation to the places where these strains were evolved. M4 was 
evolved in South Sind while Sind Sudhar was evolved in Middle Sind. 

Another noticeable feature of M4 was its greater suitability for late sowing than 
Sind Sudhar. The sowings of M4 could therefore be delayed, without reducing the 
yields, for a longer period than the other variety. 
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CHAPTER Xm. 

THE RED LEAF DISEASE IN SIND-AMERICAN COTTONS. 

{i) General. 

The reddening of leaves in American cottons was not an uncommon phenomenon. 
It has been reported to occur in many parts of India where American cottons are 
grown. Burt and Haider (1919) report^ this phenomenon in Cawnpore- American 
cottons in the United Provinces, and later the same ‘disease’ was reported by Kottur 
(1920) from Dharwar and by Prayag (1927-28) from Khandesh. The reddening of 
leaves was also found to occur in the Punjab during the years when cotton crop 
failed in that Province (Milne, 1921 and 1922). It was found to be present by Sawh* 
ney (1932) in Hyderabad (Deccan). The read leaf ‘disease’ was also of common 
occurrence in Sind (Dabral, 1938). It was also found to occur in the American 
Upland cottons grown in Central India (Rao and Wad, 1936). Thus it was a ‘disease’ 
appearing in all parts of India where American cottons were grown. 

As the red leaf in hirsutum cottons has been reported to occur under different 
conditions of soil and climate, it is possible that the causes that give rise to this com- 
mon symptom in the leaves may be different. It appears the leaves of hirsutum 
cottons have a tendency to redden whenever they become senescent either prematurely 
or at the end of the life cycle. 

The red pigment in the leaves of hirsutum cottons is also found to develop as a 
result of injury caused by Jassids (Sawhney, 1932). The injury causes the death of 
leaf tissues and the red pigment subsequently develops. This investigation deals 
with the red leaf that occurs in Sind in the absence of Jassid injury. 

Dabral (1938) had differentiated the red leaf ‘disease’ that occurred in Siiid- 
American cottons into different types of which one was caused by a deficiency of 
nitrogen and this was cured by the application of various fertilisers containing nitro- 
gen. It will be shown below that yellowing and not reddening was a symptom of 
nitrogen deficiency while reddening was an after-effect that followed yellowing. 
In many cases reddening after yellowing did not occur. It has already been shown 
(Chapter III) that yellowing of leaves that occurred in the Punjab-American cot- 
tons in the Punjab was caused by a deficiency of nitrogen in light sandy soils but 
where the development of the red pigment was not found to be of general occurrence 

The yellow-red leaf disease in Sind American cottons has been found to occur 
mainly in the South and East Sind which was the most important American cotton 
tract in Sind. This trouble appeared to be more frequent and widespread in this 
tract than in any other tract. In fact it has been found to be present every season. 

The previous findings of Dabral (1938) were based on the work done at Sakrand 
which was situated in Nawabshah district in Middle Sind where the red leaf was 
neither acute nor so widespread. It was, therefore, considered necessary to con- 
duct the investigations in the Tharparkar and Hyderabad districts where this disease 
was found to be of common occurrence. The climatic conditions in South Sind as 
already stated were different from the climatic conditions prevailing in Middle Sind 
and it therefore appeared likely that this difference in the climatic conditions may 
be causing greater and more frequent incidence of the disease in the former tract. 
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(n^ Two TYPES OP LEAP BEDDENING. 

Observations made on the cotton crop in Sind during the cotton season of 1 942-43 
showed that the reddening occurred in two ways and this difference has been, on 
further investigation, found to be of such great importance that the red leaf can be 
classihed into two main types. In one type the change in colour of the leaf from green 
to red took place through the intervening stage of yellowing. The leaves first turned 
pale and yellow before the red pigment developed. In this type of reddening, the 
leaves sometimes turned deep red or scarlet in colour. In the second type the change 
in colour from green to red occurred without the intervening stage of yellowing. The 
leaves in such cases turned bronze or copper coloured. The two types can be dis- 
tinguished from a distance. Both the types were found to occur in the different 
parts of the same block of land in Sind. 

The analysis of the soil samples taken from the spots where these two types 
of red leaf occurred revealed important differences in their physical properties (Table 


Table LXXVI. 

Mechanical analysis of the soil under yellow-red and green-red Sind- American 

cottons. 



Yellow -red. 


Green-red. 

Depth in feet. 

Clay 

Silt 

Sand 

Depth in feet. 

Clay 

Silt 

Sand 


per 

cent. 

per 

cent. 

per 
cent . 


per 
cent . 

per 

cent. 

per 

cent. 

1st ft. . . 

7 

14 

76 

1st ft 

24 

30 

46 

2nd 

11 

17 

72 

2nd ,, .. ..! 

37 

32 

31 

3rd „ . . 

9 

26 

64 

3rd „ .. 

43 

40 

17 

4th „ . . 

1 

9 

34 

56 

4th „ 

45 

45 

10 

6th „. . 

16 

39 

46 

6th ,, 

48 

46 

6 

6th ,, 

1 

j 23 

54 

42 

1 

6th . 

48 

44 

8 


The soil under yellow-red type was light sandy containing a very high percentage 
of sand and low percentage of clay while the soil under green-red type was heavy 
containing low percentage of sand and high percentage of clay. 

The physical texture of Sind soils varies in between the two limits given above 
and it would be difficult to distinguish the yellow-red from the green-red when the 
proportions of sand and clay fractions are in between these two extremes. It w’as, 
however, noted that the yellow-red type was distinguishable when the soil was com- 
posed of about 60 per cent or more of sand and 8 to 12 per cent of clay. Under 
lesser proportion of sand fraction yellowing prior to reddening could not be properly 
distinguished. 
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{Hi) Gaitses foe the yellow-bed leaf. 

It was experimentally proved in the cotton season of 1943-44 that the yellow- 
red leaf occurred on account of a deficiency of nitrogen in such light sandy lands. A 
light sandy field where the red leaf was reported to occur in previous seasons was 
selected at Denisar Estate, Nabisar Boad, Sind. A sowing date-cum-manurial 
experiment consisting of 8 randomised blocks of 4 main plots each for 4 different sow- 
ing dates was laid out. Each main plot was split into two sub-plots for control and 
33 lb. N per acre treatments. Nitrogen was applied in the form of sulphate of ammo- 
nia on 5th June. The variety was L.S.S., a Punjab- American variety grown on this 
estate. 

Observations on the crop showed that the leaves turned first pale and later 
red during the fruiting period in the months of August-September in the unmanured 
plots of the first two sowings while it was green in all the manured plots. The yellow- 
red leaf generally occurred at a much later date in the 3rd and the 4th sowings of the 
unmanured plots. Manuring was also found to have a beneficial effect on yields but 
the increase in yield produced by manuring declined in magnitude as the sowing date 
advanced (Table LXXVII). 


Table LXXVII. 
Yield in maunds per acre. 


Sowing date. 

j 23rd 

j 6th ’ 

20th 1 

4th 


S.E. 

March. 

April. 

1 1 

April. 1 

j May. 

1 Mean, j 


Manured . . 

18.1 

19.1 

17.0 

14.5 1 

17.2 

+0..'50 

Unmanured 

11.7 

13.6 

14.1 

1 

13.2 j 

1 

13.1 



Another similar experiment to study the effect of the application of sulphate of 
ammonia on the yellow-red leaf in Sind- American cottons in light sandy land in the 
Middle Sind was laid out in the same season at the Agricultural Research Station, 
Sakrand. Though the fields selected were light sandy there were saline patches scat- 
tered irregularly all over the area. The experiment consisted of 3 randomised 
blocks of 12 main plots each in which all combinations of 4 sowing dates (14th May, 
3rd June, 24th June and 17th July) and 3 nitrogen treatments (control, 40 lb. N 
per acre in the form of sulphate of ammonia at sowing and 40 lb. N per acre in the 
form of sulphate of ammonia at flowering) were randomised. Each main plot was 
split for four varieties (M4, Sind Sudhar, 289F/K25 and 289F/124). Thus it was 
intended to study the effect of the early and late application of the manure on the 
development of the red leaf in the case of two Sind- American (M4 and Sind Sudhar) 
and two Pun jab- American (289F/K25 and 289F/124) varieties. (Experiment No. 24 
in Table LXXIII). 

The yellowing of the crop was first noticed in the month of September in the 1st 
sowing while it did not appear in the 4th sowing in the unmanured plots. The 
manured plots showed no yellowing except in the case of the first sowing where 
jrellowing developed in the October indicating that the dose of nitrogen applied did 
not prove adequate to prevent yellowing in the early sown crop. It wus also noticed 
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that though there was yellowing of the leaves there was very little leaf reddening in 
this experiment. The crop, was, however, very patchy in most of the plots on account 
of the presence of alkali or saline patches. In such patches the crop did not show 
yellowing. 


Table LXXVIII. 




A 

Yield in maiinda per acre 

1 

B 

Weight of seed cotton per boll In gm. 

Control 


Sulphate 

of 

ammonia 
before 
sowing 
(40 lb. N 
per acre) 

Sulphate 

of 

ammonia 

at 

flowering 
(40 lb. K 
per acre) 

Mean 

(+0.51) 

i 

! 

i 

Control 

Sulphate 

of 

ammonia 
before 
Bowing 
(40 lb. N 
per acre) 

Sulphate 

of 

ammonia 

at 

flowering 
(40 lb. N 
per acre) 

1 

1 

Mean 
!( +0.092 

1 

M4 

11.0 

13.7 

13.5 

1 12 8 

jM4 

2 65 

2 93 

2.93 

2.84 

Sind Sudhar 

9.8 

10.4 

! 13 1 

1 ^ 

Sind Sudhar 

2.22 

2 36 

1 

1 2 49 

2.35 

2S9F/K25 .. 

9.8 

11.7 

14.3 

i 11.9 

|289F /K25 

j 2.54 

2 58 

3.05 

! 2.72 

289F /124 

9.7 

12 7 

13.2 

1 

1 11.9 

j2g9F /124 

2.71 

2.78 

2 83 

2.77 

Mean 

(+0.85) 

10 1 

12 2 

13. B 

1 

1 

1 

jMean 

I (+0.102) 

1 2.53 

j 

2 66 

i 

2.82 

i 


There was a significant increase in the mean yield of all varieties as a result of 
late application of sulphate of ammonia (Table LXXVIII- A). The early (at sowing) 
or the late (at flowering) application of the fertiliser proved equally effective in in- 
creasing the yield of two early maturing varieties M4 and 289F/124 while the late 
application of sulphate of ammonia proved more efficacious than the early applica- 
tion in the case of two late maturing varieties ; Sind Sudhar and 289F/K25. Thus 
application of sulphate of ammonia lessened the yellowing of leaves and increased 
the yields. It also increased the seed maturity as the boll weight determinations 
showed (Table LXXVIII-B). There was significant increase in boll weight (i.e. 
seed cotton per boll in gm.) in manured plots and late application was found to give 
the maximum increase in boll weight. 

(vi) Relation between the yellow-red leaf and nitrogen content of the 

LEAVES. 

Further experimental evidence to show that a low nitrogen content of the 
leaves was associated with yellow-red leaf was obtained in the cotton season of 1944- 
45. A common experiment on sandy fields at three places viz. Nabisar Road, Hydera- 
bad and Sakrand was laid out. It consisted of all combinations of two sowing 
dates, two levels of nitrogen (O, 60 lb. N at flowering) and two spacings (sl=2 ft. 
and s2=2^ ft. between rows). Each plot was split to accommodate three varieties 
M4, Sind Sudhar and L.S.S.. In order to correlate the yellow-red leaf, with nitrogen 
content, fortnightly leaf samples from two replications of all the 24 combinations 
in the experiment at two centres viz., Nabisar Road and Hyderabad were taken. 
4-plant sample under wide spacing and 8-plant sample under close spacing were taken 
at random in duplicate. The leaves were analysed for nitrogen. Regular observa- 
tions were recorded on the appearance of the red-leaf under each treatment at the 
time of sampling. The results of nitrogen contents of the leaves are given in Table 
LXXIX below. 





Tablb LXXIX. 

Mean percentage nitrogen in leaves on different dates at two centres. 


IM 


VARIETIES 


Deniaau 

Hyderabad. 

Date of 
Sampling. 

M4. 

1 Sind 
Sudhar. 

1 

L.S.S.j 

S.E. 

1 

1 Date of 

I Sampling. 

M4. 

Sind 

Sudhar. 

1 

jL.S.S. 

S.E. 

28th July • .| 

3.22 

2.96 

2.83 

0.041 

23rd July 

3.47 

3.19 

2.96 

0.028 

13th August .. 

3.08 

2.87 

2.76 

0.047 

7th August 

3.14 

2.91 

2.70 

0.020 

29th August . . 

2.61 

2.30 

2.21 

0.036 

23rd August . . 

2.66 

2.46 

2.60 

0.022 

14th Sept. 

2.21 

1.88 

1.74 

0.058 

7th Sept. 

2.31 

2.07 

1.87 

0.022 






23rd Sept. 

1.79 

1.64 

1.47 

0.031 


NITROGEN 


Denisar. 

Hyderabad* 

Date of Sampling. 

1 Manu- 
red. 

Control. 

S.E. 

i Date of Sampling, j 

f 

ManU' 

red. 

Control. 

S.E. 

28th July 

3,32 

2.68 

0.052 

23rd July 

3.39 

3.02 

0.035 

13th August 

3.31 

2.49 

0.055 

7th August , . 

3.03 

2.80 

0.034 

29th August 

2.66 

2,03 

0,062 

23rd August , . 

2,78 

2.29 

0.043 

14th Sept. 

2.14 

1.76 

0.058 

7th Sept. 

2.28 

1.88 

0.029 





23rd Sept. 

1.70 

1.56 

0.034 


SOWING DATE 


Denisar, 

Hyderabad, 

Date of Sampling. | 

Late 

sowing. 

Early 

Sowing. 

S.E. 

jDate of Sampling. 

Late 

sowing. 

Early 

sowing. 

S.E. 

28th July 

3.11 ! 

2.89 

0.052 

23rd July 

3.49 

2.92 

0.035 

13th August 

3.22 

2.58 

0.065 1 

7th August 

3.18 

2.65 

0.034 

29th August 

2.50 

2.19 

0.062 

23rd August 

2.85 

2.22 

0.043 

14th Sept. 

2.12 

1.78 

0.058 

7th Sept 

2.38 

1.78 

0.029 

1 




23rd Sept. 

1.79 

1.47 

0.034 
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The study of the results of the nitrogen contents of the leaves in relation to the 
time of appearance and the spread of the yellow-red leaf at the two centres disclosed 
in general terms the following relationships between the yellow-red leaf and the nitro- 
gen contents of the leaves under different treatments. 

M4; on the whole showed the least yellowing and reddening of the leaves while 
L.S.S. showed the symptoms at a very early stage and in a very intense form. The 
concentration of nitrogen in the leaves of M4 remained significantly higher at each 
stage of growth than the concentration of nitrogen in the leaves of the other two 
varieties. The leaves of L.S.S. showed the least concentration of nitrogen (Table 
LXXIX) . Thus yellow-red leaf appeared to be definitely related to the nitrogen 
concentration in the leaves. 

The manured plots of all the varieties showed much less yellowing and reddening 
than the corresponding unmanured plots during the fruiting period. These symp- 
toms appeared only in the leaves in some of the manured plots of the first sowings 
of L.S.S. or Sind Sudhar. The concentration of nitrogen in the leaves of the manured 
plots was also found to be significantly higher at each stage of growth than the con- 
centration of nitrogen in the leaves of the control plots (Table LXXIX) . 

The late-sown crop generally showed less yellowing and reddening than the crop 
sown early. The concentration of nitrogen in the leaves of the late sown crop was 
found to be significantly higher at each stage of growth than the concentration of 
nitrogen in the leaves of early sown crop. 

It was clear that yellowing and reddening of the leaves in American cottons in 
Sind was associated with a low concentration of nitrogen and was a symptom of 
nitrogen deficiency. It may be stated here that the selection of plants for analysis 
of the leaves was at random. The plants were first randomised and then taken 
for analysis at each date. The term yellowing -reddening used above docs not neces- 
sarily mean that each and every plant in a plot or all the leaves of a plant had turned 
yellow-red. Though the general appearance of the crop in a plot indicated yellowing 
some leaves of some of the plants may be green or pale green. 

The aboveraentioned conclusions regarding the relation between nitrogen content 
and the yellow-red leaf were further supported by the yield data obtained in the com? 
mon experiment. (Table LXXX), 

Table LXXX. 

Yield in maunds per acre. 



Denisar 

Hyderabad 

Sakrand 

Mean 

Increase 
due to 
maniir- 
inir. 

Control 

Manured 

Control 

Manured 

Control 

Manured 

Control 

Manured 

M4 

10.36 

14.17 

14.67 

18.84 

11.55 

15.66 

12.19 

16.23 

+4.04 

Sind Sudhar 

7.66 

8.94 

11.06 

14.61 

0.89 

15. 20 

9.50 

12.92 

4-3.42 • 

L. S. 8 

8.86 

11.50 

12.38 

17.91 

7.98 

14.76 

9.74 

14.72 

4-4.98 

Jfean 

8.92 

11.64 

12.70 

17.12 

9.80 

16.20 

10.48 

14.62 

^4.14 

Increase due to Manuring 

+2. 

62 

+4. 

42 

+5. 

40 

+4. 

14 


S. B. (Var.) 

0.251S 

2.45% 

0.326S 

2.19% 

0.696— 

5.58% 

of the me 

an 


S.E (Nltr.) 

1 

1 

d 

4.91% 

0.549 s 

3.68% 

0.687— 

4.71% 

of the me 

an 
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M4 gave the highest yield both under manured and unmanured conditions at all the 
three centres. It had the highest nitrogen content and was found resistent to yellow*^ 
red leaf. Manuring gave substantial increases in yields varying from 2.62 to 5.40" 
maunds per acre. It has already been shown above that manuring had increased 
the nitrogen content and had at the same time decreased the red leaf. 

(r) The bblation of weather factors with the incidence of 

YELLOW-RED LEAF. 

The complaints of red-leaf were generally received more frequently from Southern 
parts of Sind than from Middle Sind. The yellow-red leaf was found to be gene- 
rally present in many fields in the former tract. How can the greater prevalence 
of this trouble in the southern parts of Sind be explained if nitrogen deficiency in 
light sandy soil was the root cause of this trouble as light sandy lands wore as widely 
distributed in Middle Sind as in South Sind ? The red leaf trouble was found to be 
even of less frequent occurrence in the Punjab than in Middle Sind even though there 
are vast areas in the Punjab which are light sandy. 

Further investigations conducted on this problem have revealed that the wide 
spread occurrence of yellow-red leaf in southern parts of Sind was a result of the 
interaction of soil factor with the climatic factors prevailing in that tract. 

Two Siiid- American varieties, M4 and Sind Sudhar, and one Punjab -American 
variety, L.S.S., were grown at three centres in South Sind (Denisar Estate, Nabisar 
Boad), in Middle Sind (Sakrand) and in the Punjab (Iqbalnagar) . A common sow- 
ing date- cum- varietal experiment was laid out at the three centres. Though the 
object of the experiment was to study the growth of these three varieties under differ- 
ent sowing dates and under the climatic conditions prevailing in the three tracts, the 
observations made on the onset and the completion of the reproductive phase provided 
a clue for the cause of such frequent and widespread occurrence of the yellow-red 
leaf disease in South Sind. During the abovementioned study regular observations 
on the initiation and the completion of the reproductive phase of each of the three 
varieties at the three centres were recorded with a view to determine the main flower- 
ing period and the harvesting period. It was expected to provide information re- 
garding the relation of climatic factors with the initiation and the completion of the 
reproductive phase of a variety. The main flowering and harvesting periods at 
the three centres for each variety are given below. 

Table LXXXI. 

(a) Main flowering periods for the three varieties at the three centres. 

South Sind Middle Sind Punjab 

{Denisar Estate ) . {Sakrand) . {Iqbalnagar ) . 

M4 • • • • • • 17th July to 10th August to 16th August to 

17th August 10th September 13th September 

Sind Sudhar . . , . 6th August to 20th September to 23rd September to 

16th September - 20th October 19th October 

LS.S 30th July to 26th August to 16th September 

30th August ‘ 20th September to 16th October 
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Harvesting periods for the three 

varieties at the three centres. 

M4 .. 


> . September to 
October 

October to 
December 

October to 
December 

Sind Sudhar . . 

. . Mid-September to 
early November 

November to 
January 

November to 
January 

L.S.S. . . 


1)0. 

Do. 

Do. 


In South Sind there was an early initiation of flowering and setting and early com- 
jjletion of the fruiting x)hase and consequently early finishing of the crop. The gene- 
ral pickings in this tract started by the Ist or the 2nd week of September and were 
almost completed by the end of October or beginning of November at the latest 
while in the Middle Sind and the Punjab the pickings began by the second or the 
third week of October and were completed by the beginning of January. The cTOf) 
finished off more quickly in less than two months in South and and East Sind 
than in Middle Sind and in the Punjab. This difference in the setting and matu- 
ration of the crop could bo explained by the differences in the climatic conditions 
jjrevyiling in these tracts as jiointed out below. 

Earlincss or lateness of a variety was its inherent character but it can be modi- 
fied by the climatic factors, as it was clearly brought out by this investigation. And 
early maturing variety may become late in a different environment and vice verm. 
L.S.S. which was a late maturing variety in its natural environment in the Punjab 
became early when grown in South Sind. It flowered, fruited and finished off 
earlier in the latter tract than in the former tract and in Middle Sind (Table LXXXI). 
Similarly M4 which was an early Sind variety became comparatively late under the 
Punjab and Middle Sind conditions. Thus the inherent character of earl? ness or 
lateness could be shifted forward or backward by climatic conditions even though 
the relative differences between an early and late variety would still persist in a given 
environment (Table LXXXI). M4 always matured earlier than L.S.S. in South 
Sind or in the Punjab while L.S.S. always matured later than M4 in the same twa 
tracts. 

The differences between the flowering and the harvesting periods in South 
Sind on one hand and Middle Sind and the Punjab on the other hand could be explain- 
ed on the basis of the differences in the maximum and minimum temperatures and 
humidity prevailing in these tracts (Table LXXXII.) 

Table LXXXII. 


Monthly means of maximum and minimum temperatures and humidity. 



April 

May 1 

June 

July 

1 August 

Sept. 

Oct. 

Nov. 

Dec. 

1 Jan. 




So 

vih Sind 

(Hyderab 

ad) 


( 



Maximnm 

102.0 

107.2 

104.2 

99.2 

95.9 

97.4 

97.9 

1 

! 89.1 

1 

79.0 

76.2 

Minimum 

72.1 

78.2 

81.7 

80.9 

79.0 

76.2 

70.1 1 

58.9 

52.8 

50. C 

Humidity at 

SA.M 

47 

54 

62 

68 

70 

68 

56 

52 

55 

57 



j 


Bepro 

ductive p 

base 



1 



158 



April 

May j 

June 

July 

AufituH 

Sept. 

Oct. 


|||RU 

Jan. 


I 

1 

Middle 

flind (Sa 

brand) 






Jfascimum 

102.0 

111.0 

110.0 

104.0 

102.0 

102.0 

101.0 

89.0 

78.0 

74.0 

Jlinimum 

67.0 

77.0 

83.0 

83.0 

80.0 

75.0 

65.0 

'*64.0 

46.0 

43.0 

Humidity at 

8 A.M. 

58 

53 

63 

71 

73 

74 

68 

69 

76 

73 







1 

1 

ductlve p 

base 






1 

Punjab 

iMuUan) 






Maximum 

97.9 

106.9 

108.3 

104.8 

101.2 

100.6 

95.9 

84.8 

73.5 

69.7 

Minimum 

68.4 

78.1 

84.2 

84.3 

82.6 

77.5 

65.1 

53.5 

45.0 

43.8 

Humidity at 

8 A.M. 

47 

42 

50 

63 

68 

65 

56 

60 

69 

71 



i 




Roprod 

iictive ph 

ase 




There was an early fall in the maximum temperature from the month of July in South 
Sind and it remained lower throughout the remaining part of the season. The mini- 
mum temperatures were throughout high during the fruiting and maturation 
period (August-October) in South Sind while in Middle Sind and the Punjab the later 
part (October-December) of the fruiting and maturation period was characterised by 
a rapid fall in the night temperatures. The differences between maximum and 
minimum temperatures were also of a lower magnitude in South Sind. These 
differences in temperatures between South Sind on one hand and Middle Sind and 
the Punjab on the other may be responsible for the early initiation, setting and 
maturation of the crop in the former tract as explained below. 

The fall in the maximum temperatures in July in South Sind gave rise to an early 
initiation of fruiting branches. High temperatures as shown by Balls (1919) retard- 
ed the stem growth as well as the formation of flowering branches. The fruiting 
branches were not generally formed as soon as the temperatures dropped but its 
effect became visible after a lapse of certain period from the day the temperature 
began to fall. The lower temperatures in August in South Sind also helped in the 
setting of bolls. As there was no great fall in the night temperature which remained 
well above 70® P, during the boU^g and maturation period, the bolls matured very 
rapidly. As a result of numerous determinations it was found that the maturation 
period of bolls for all the the three varieties generally varied from 32 to 39 days. 
The crop therefore became early and finished off early, before the night temperatures 
fell below 70® F. 

In the Punjab the temperatures began to fall in August and the initiation and 
the setting of the crop began to occur from the middle of August or the beginning 
of September according to early or late habit of a variety. The maturation 
period of bolls coincided with falling night temperatures. The night temperatures 
in October fell below 70® F. and they were still lower in the months of November and 
December (Table LXXXII). Consequently muturation occurred at a slower rate 
BO much so that the maturation period of bolls increased from 45 days to 70 days. 
The maturation period of bolls of all varieties was found to increase from 45 days 
in the bolls set in August to 70 days for boils set in October. The late set bolls conti- 
nued to open up till the end of December or beginning of January in the late maturing 
varieties. 
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Though no differences in humidity recorded at 8 A.M. were found to exist in the 
three tracts during the reproductive phase the humidity during the day was known 
to be highef in South Sind than either in Middle Sind or the Punjab. It was also 
likely that higher humidity during the day minimised abscission and caused an 
early setting of bolls. Thus higher humidity may also contribute to an early setting 
and thus indirectly to an early maturation of the crop. 

It has already been shown by the author in Chapter III (Dastur and Ahad 
1941 and Dastur, 1941) that the nitrogen content of the leaves began to decline when 
the reproductive p{iase set in and the leaves began to turn pale and yellow when 
their nitrogen content fell to 1.6% of the dry matter of the leaves. The rapid 
maturation of the crop in South Sind brought about a quick depletion of nitrogen in 
the leaves and the nitrogen content of leaves, therefore, fell much below that level 
when yellowing started. The nitrogen contents of Sind Sudhar and L.S.S. under 
unmanured condition had fallen to 1.6% as early as the 1st week of September 
(Table LXXXIII) in the April-sown crop. The drain of nitrogen in the leaves was 
so great that young and mature leaves along with old leaves were found to turn pale 
and yellow. The nitrogen content of the leaves on manured land remained much 
above 1.6% during the maturation period and consequently yellowing did not occur 
even though the crop matured equally rapidly. 

The cotton crop under Middle Sind and the Punjab conditions matured slowly 
on account of a fall in temperature in October and there was, therefore, no such rapid 
depletion of nitrogen from the leaves. The nitrogen content of the leaves of 4P 
remained above 1.6% upto the end of November. It was higher even in the month 
of November in the Punjab than in the month of September in South Sind in the 
may-sown crop (Table LXXXIII). 

Table LXXXIII. 


Percentage of nitrogen in leaves in South Sind and the Punjab, 


Date 

Hyderabad (South Sind) 

Sown on 15th April | Sown on 22ad May 

Date j 

Lyallpur (Punjab) 
Sown on i Sown on 
14th Mayj 21st June 

M4 

S. 8. 

1 L.S.S. 

M4 

I S. S. 

L. S. S. 

1 

4F 

4F 

23rd July 

2.65 

2.32 

2.29 

3.76 

3.29 

3.07 

24th July 

3.78 

4.42 

7tb August 

2.56 

2.07 1 

2.00 

3.33 I 

3.22 

2.89 

8th August 

3.16 

3.40 

23rd August 

2.32 

1.83 

1.89 

2.14 

2.08 

2.09 

22nd August 

2.78 

3.37 

7th September . . 

1.95 

1.55 

1.49 

2.14 

1.87 

1.77 

5th September 

2.39 

3.25 

23rd September 

1.65 

1.30 

1.15 ' 

1.88 

1.46 

1.46 

19th September 

2.33 

2.69 








3rd October . . i 

2.46 

2.72 








18th October 

2.24 

2.37 








Ist November . . 

1.73 

2.35 






1 


15th November . . 

1.88 

2.13 


The yellowing, therefore, occurred in the Punjab towards the end of the 
maturation period except on light sandy lands. On the latter type of land 
yellowing occurred towards the end of September and it was found to be accompa- 
nied with a low nitrogen content in the leaves. 
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The yellowing and the subsequent reddening in hirautum cottons in Sind, there* 
fore, occurred on account of the operation of two factors : (1 ) light sandy lands defi- 

cient in nitrogen and (2) higher night temperatures during the fruiting period causing 
rapid maturation of the crop. In the Punjab and Middle Sind yeflowing occurred 

a account of the operation of the soil factor alone. Light sandy soils were widely 
ributed in all the three tracts but quick maturation of the crop in South and 
East Sind on account of the prevailing higher night temperatures at that time caused 
the trouble to spread on lands which were not very deficient in nitrogen, i.e. it spread 
to lands where normally the premature yellowing did not occur under Punjab condi- 
tions. The red leaf trouble was, therefore, more widespread in lower Sind than in the 
other two tracts. The variations in the nitrogen status of the soil from field to field 
caused variations in the intensity and the time of its appearance. The intensity and 
the spread of the red leaf trouble can also increase in South Sind if the month of 
September was characterised by spell of higher temperatures than normal as they 
would further hasten the maturation process and quicken the depletion of nitrogen 
from the leaves. Wherever there was quick depletion of nitrogen, the entire plant 
turned yellow-red while wherever the depletion was not so quick, some leaves turned 
yellow and some remained normal. The time of appearance and the intensity of the 
yellow-red leaf trouble would also be influenced by the previous crop, by manuring, 
by fallowing and by the sowing time of the crop. Once the leaves became depleted 
of nitrogen and became senescent organic acids accumulated and the anthocyanin 
pigments developed which turned red in the acid cell sap. The formation of red 
pigment was confined to epidermal cells only. It was observed that the formation 
of red pigment did not occur in the mesophyU cells of the leaves. Thus reddening of 
leaves was an after-effect of yellowing caused by a deficiency of nitrogen. 



CHAPTER XIV. 

CONCLUSIONS. 

The Punjab- American cottons (G. hirsutum) when sown early in May make vigo- 
rous growth which is promoted by three factors, (1) sandy loam nature of the soil, (2) 
long summer days, and (3) regular irrigation water supply. The sandy nature of the 
soil is favourable for rapid growth of roots and consequently of shoots. The long summer 
days promote high photosynthetic activity and the regular water supply prevents 
the development of any disturbance in the normal functional activities of the plant. 
The plant is, therefore, able to produce an unusually large scaffolding with numerous 
branches and profuse foliage. The flowering begins from the 4th week of August. 
Any change in the sowing date is not accompanied by a similar shift in the setting 
in of the flowering phase. All plants tend to eome into bearing within a narrow 
period irrespective of the time when the crop is sown. A delay of 20 days in sowing 
shifts forth flowering’ for not more than five to six days. The main flowering 
period lies in the month of September and ends by the middle of October. The 
early flowers produced in the end of August are mostly shed, while the bolls that set 
late in October crack prematurely on account of severe winter. The early sown 
crop could only be at an advantage, if the flowering period were also comparatively 
prolonged. As it is, the flowering occurs in a flush and 70% of these flowers are shed. 
The demand for nitrogen and other minerals is great and intense during reproduction 
but is inadequately met to ensure a sufficiently large fraction of flowers produced 
to reach full maturity. The plant consequently j)roduces much less seed cotton in 
proportion to its size or dry weight. On the best of fields the seed cotton produced 
by a plant is nearly 20% of its total dry weight. The maximum dry matter is found 
in the stem of cotton when it is sown in May on sandy loam soils. The efficiency of 
the plant for fruit production is thus low. The cotton crop is, therefore, charac- 
terised by a high vegetative but a low reproductive growth. 

The efficiency of the plant for boll production is further lowered on soils which 
are deficient in nitrogen. There is at first a vigorous vegetative growth but th(' symp- 
toms of nitrogen starvation appear in the leaves when the plant is in the reproductive 
phase. The nitrogen content of the leaves falls to 1.5^^ as compared with 2.5% 
in the leaves of plants on normal soils. A yellowish chlorosis of leaves occurs, which 
is followed by early senescence. Flower and boll production are proportionately 
reduced, there being no difference in the percentage success of flowers into bolls. In 
addition, the maturity of seeds is low, each boll containing about 35^0 immature and 
a similar quantity of partially immature seeds. The number of seeds per boll is also 
reduced. It is not an uncommon sight to behold big sized plants with most of their 
leaves shed and bearing small bolls at the extremities of their branches. The 
efficiency of the crop for seed cotton production is further lowered to 10-12% on such 
soils. 

The Punjab soils are chequered in nature. The normal soils are mixed vith 
saline soils. The soluble sodium salts may be present in varying proportions in both 
the surface and the subsoil layers or they may be confined to the lower laj^eis only. 
As the non-saline patches are intermixed with the saline, the cotton plant shows 
differential growth within a field. T^he plants do not either grow at all or make stunt- 
ed growth when salinity is present on the surface. The stand of cotton thus becomes 
patchy. When the free sodium salts are present in the subsoil, the cotton plants, 
after making normal growth for some time, begin to suffer from a condition of physio- 
logical drought. This causes drooping of leaves and their premature shedding. 



These symptoms may either appear in September or in October according to the 
degree of salinity and the > seasonal conditions. The bearing is reduced 
and the growth of developing bolls is arrested. The nature of disturbance that 
occurs in the boll metabolism and gives rise to seed immaturity has already been 
explained in Chapter VII. The efficiency of the crop for seed cotton production is 
also lowered on such soils. 

The condition of physiological drought becomes further pronounced when the 
fruiting season in a certain year is marked by long spells of unusually warm and dry 
days. The water balance of the crop with the soil is further upset and the drooping, 
defoliation and premature boll opening are all intensified. These sumptoms make 
their appearance even on areas with low salinity in the subsoil. TiraJc spreads to 
regions where it does not occur normally and thus attains a serious form in years of 
general failures. 

The May-sown crop is, therefore, not in equilibrium with its edaphie and climatic 
environment on such saline soils. In years favourable for the growth of the crop 
these symptoms develop on small areas where salinity is very high in the subsoil 
but any weather factor that increases the water loss from the crop may lead to the 
intensification and spread of this trouble on extensive areas resulting in great losses 
in yield. Thus tirak is a case of physiological maladjustment at the fruiting stage. 

The chief difficulty in understanding the causes of tirak and its widespread occur- 
rence in certain years lay in the extreme heterogeneity of the Punjab soils. The 
premature defoliation of the crop and the immaturity of seeds were caused under 
two different soil conditions which are usually found intermingled. The soil hetero- 
geneity thus rendered both observation and experiment difficult. A field produced 
tirak crop in one season but it bore normal crop in the other. Pure soil studies, even 
if they were attempted, would have yielded no information unless they were accom- 
panied by a study of the crop in its physiological and chemical aspects. 

The yellowing of leaves in one case and the drooping of leaves in the other paved 
the way for differentiating the two soil conditions on which tirak developed. The 
effects of the application of nitrogen and of extra water on the growth of the plant 
on the two soil types and the investigation of the chemical composition of the plant 
coupled with the soil analysis indicated the nature of the distrubances occurring 
within the plant. 

Once the nature of the physiological disorder setting in the plant on the two soil 
types was discovered, the task of remedying this disorder became less difficult. The 
application of nitrogen to light sandy soils prevented the development of tirak symp- 
toms caused by nitrogen starvation and the application of extra water at the fruiting 
stage prevented the development of physiological drought on soils with saline sub- 
soils. Both these remedies proved specific for the two soil types and naturally 
they must be applied at the right place. The remedy for one soil type did not gene- 
rally produce any effect when applied on the second type. 

The importance of the June-sowings as a preventive measure against tirak was 
in its general applicability. It was found efficacious on all soil types as it put the 
crop in equilibrium with its surroundings. The June-sowings were found to be 
better adapted to its environment than the May-sowings. This was true of even 
normal soil where ^iraA;-promoting conditions did not exist. The plants were able 
to carry on their normal functions with less nitrogen and less water and the deficiency 
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of these substances did not develop. The plants were also better able to stand the 
adverse weather conditions at the fruiting stage and thus general intensification and 
spread of tirak, were greatly lessened. The internal economy of the plant greatly im- 
proved and the plant produced less of sticks and more of fruits. The efficiency of 
the plant for produci^ seed cotton rose from a maximum of 20% in the May-sown 
crop to nearly 50% in the June-sown crop. It produced more seed cotton in pro- 
portion to its size. The May-sown crop exhausted itself in producing vegetative 
growth and reached a state of senescence when bolls began to form. It was, 
therefore, not able to stand the vagaries of weather which is many a time dry and 
warm during the fruiting period. The June-sown crop being comparatively young 
was able to adjust itself to such abnormal fluctuations in its aerial environment. 

The only disadvantage that resulted from the June-sowings w'as a decrease in 
boll number as the plant scaffolding was lessened, due to a shortened period of vegeta- 
tive growth but this disadvantage could be adequately offset by thick planting of the 
crop. 

This simple measure of deferring sowings by about three to four w^eeks, i.e, 
from the first week of May to the last week of May has been found to result in great 
profits to cotton growers and many of them have already benefited. On some of the 
farms record yields of seed cotton per acre have been obtained by adopting the sow- 
ing time, spacings and seed rates recommended in the two schedules given in Chap- 
ter IX. 

The cotton crop at the Farm of the British Cotton Growers’ Association 
Khanewal, was frequently subject to intense tirak and the yields w'ere generally much 
below expectation in spite of a high standard of cultivation. The crop was found 
by the author to suffer severely from tirak in 1937, 1938 and especially in 1939 
when the crop had completely failed. The cotton sowings on this farm used to 
start from the 1st of May and to complete by the beginning of June. Thus 90% of 
the total acreage under cotton was planted in the month of May. The annual acreage 
under the crop was about 1600 acres. In 1940 on the advice of the writer, the 
cotton sowings were shifted to the month of June and the crop was planted closer 
and closer with each advancing week in June. This practice has since been 
continued. During the last three years the cotton sowings were comi^leted within 
the first three weeks of June to avoid damage caused by tlassids in a Jassid year 
like 1944 which proved to be the worst Jassid year in the history of the American 
cottons in the Punjab. 

During these seven years of the adoption of this improved practice of cotton 
sowings the crop had not suffered to any appreciable extent from this ‘disease’ even 
though 1941 and 1 946 were partial tirak years on account of unusually hot and dry 
weather during the fruiting period. The cotton yields of the Farm even in these tw o 
years were normal. 

In order to get an approximate idea of the benefit derived by the British Cotton 
growers’ Association Farm during these seven years on account of late sowings, the 
average yields per acre for the last seven years 1940 to 1946 were compared with the 
average yields per acre for the ‘previous seven years 193.3 to 1939 when the cotton 
sowings were done in the month of May at 3 feet distance. The period of seven years 
was regarded sufficiently long for such an estimate of benefit as the seasonal effects 
on yield may be expected to average out during this period. 
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It was clear that the average yield of seed cotton per acre had increased by about 
two and a half maunds (200 lbs.) during the last seven years of late sowings with 
closer spacings. Taking the average price for seed cotton during these years at 
Rs. 1 5 per maund, this Farm derived annually an extra benefit of Rs. 60,000 from 
their 1600 acres under cotton for the last seven years. Thus the total benefit derived 
by this one Farm alone amounted to a sum larger than that expended by the Indian 
Central Cotton Committee on this investigation in the Punjab. The reader can very 
well gauge the benefit that would be dreived when this remedy of comparatively late 
sowings with close spacings would be practised over two and a half million acres of 
cotton in the Punjab and Sind and the changes it would bring about in the economy 
of these provinces has been left to the reader to calculate. 

The same measure of deferring sowings by two to three weeks in different parts 
of Sind proved successful in ameliorating the ‘bad opening’ of bolls in Sind- American 
cottons, as the same two soil types that were found in the Punjab were again found 
to be associated with the ‘bad opening’ of bolls in Sind- American cottons. 

As a shift in the sowing period of cottons in Sind was found necessary to minimise 
the damage caused by the ‘bad opening’ of bolls, the optimum sowing periods for 
cottons in combination with close spacing for dhSTerent varieties and for different 
parts of Sind were determined by laying out factorial experiments. In all 38 sowing 
date experiments were conducted and the sowing period for cotton in each part of 
Sind was fixed. 


Numerous attempts have been made in the past to correlate weather conditions 
with crop production and cotton yields have not -been omitted from such studies. 
The difficulties involved in such studies have also been realised. In the case of cot- 
ton, the yields would depend on the number of bolls produced per plant, which in 
turn would depend on the vegetative structure, i.e., growth. Gro:iytl:^ iis the final 
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product of the metabolic machinery which is made up of numberous interlinked and 
interdependent physiological processes. These processes are greatly affected by 
fluctuations in weather factors. Each one is accelerated or decelerated to a different 
degree by any change in a weather factor. Thus day-to-day variations in weather 
conditions and the variations in their duration will bring about changes in all the 
functional activities of the plant. The interrelations between the two are so complex 
that it would be difficult to attribute to a jjarticular weather factor any increase or 
decrease in the growth rate of the plant. To this must be added the capacity of 
the plant for adjustment and rapid recovery. It is, therefore, not surprising to find 
that the attempts made to correlate weather factors with yields have proved unsuc- 
cessful. • 

The correlation studies between temperature and yields of cotton in the Punjab 
have produced some definite results on account of certain advantages. Tirak 
‘disease’ was known to depress the yields. The causes of tirak, the stage at which 
the symptoms developed and the interaction of soil salinity with temperature on deve- 
lopment of tirak also became known. So only the weather factors at the fruiting 
stage which aggravated the condition of physiological drought had to bo studied. 
The maximum temperature was found to be the important factor. Even then, the 
standard methods of determining the correlations between yields and temperature 
did not work and recourse had to be taken to an arbitrary method of selecting such 
spells of hot weather in the two fruiting months when the temperature rose above 
the normal monthly mean of maximum temperature. A definite negative correla- 
tion between the degrees above the normal monthly mean of maximum temperature 
in a spell of eight days or more and yields became evident oven though in some cases 
the value of correlation coefficient did not reach the level of significance. Though 
this method of taking the temperatures of the spells may be considered arbitrary 
it is quite sound from a physiological point of view as the greatest disturbance in the 
metabolic activities of the plant would be caused during the hot spells irrespective 
of the fortnightly or the monthly means. 

The frequent and widespread occurrence of the yellow-red leaf disease in Sind- 
American cottons was another instance where the interaction between a soil factor 
and a climatic factor produced the spread of a physiological ‘disease.’ Though the 
yellow-red leaf was associated with light sandy lands both in Sind and the Punjab, 
its frequent and widespread occurrence in South and East Sind was caused by the pre- 
vailing high night temperatures during the fruiting stage which hastened the matura- 
tion of the crop. It was found that the bolls in this tract opened in 32 to 40 days 
after setting as compared with 45 to 70 days in the middle Sind and the Punjab. 
The whole crop in South and East Sind matured within two months; September- 
October, i.c., much before the night temperatures dropped to 65® E, The rapid 
maturation of the crop rapidly depleted the leaves of their nitrogen which turned 
yellow and subsequently red. The disease thus not only appeared on very light 
sandy lands but it also developed on light sandy loams where it did not appear 
normally in the Middle Sind or the Punjab where the crop matured slowly on ac- 
count of the falling night temperatures from the month of October to January. 

The remedial measure to lessen the spread of the disease on light sandy lands 
containing more than 60% of sand ha^ been recommended and a rapid method of 
locating such fields has been worked out. 

The above conclusions applied to the yellow-red leaf disease in Sind- American 
cotton in Sind. There was* however, another type of leaf-reddening which was not 



pre<?eded by th6 yellowing of leaves. The change in colour in this case occurred front 
green to red without the intervening stage of yellowing. Such reddening of leaf 
occurred on heavier types of land containing more of clay and less of sand. The 
green-red type was quite distinguishable from the yellow-red type on soils containing 
less than 45% of sand. Manuring with sulphate of ammonia did not increase the 
yield on these heavier types of soils in Sind indicating that the green-red type was 
not associated with a nitrogen deficiency. More work was, however, needed to 
determine the causes of this type of leaf reddening in Sind. 

• The discovery of “tannin** accumulations in the leaves of cotton may pave the 
way to the solution of many other cotton problems. So far, its" association with a low 
level of nitrogen and low bearing had been pointed out. It was definite that the ac- 
cumulation of this substance retarded the normal functional activities of the leaves. 
The physiological role played by this substance and the causes which lead to its accu- 
mulation were not at present understood. The presence of this substance in the 
leaves of upland cottons suffering from the “red leaf*’ disease was of great significance. 
The method of detecting the presence of this substance was easy and should prove a 
very handy tool for the cotton workers in their investigations. 

It was clear from the results obtained in these investigations that nitrogen 
applications increased the meristematic activity of the cotton plant. The boll 
production was increased on account of an increase in the bearing points. It had 
also been found that a low potassium content in the bolls was associated with the 
immaturity of cotton seeds on both soil types. The potash deficiency was found to 
cause a disturbance in the synthesis of proteins and fats. Some of the seeds in the 
boll were, therefore, not able to mature fully. Many other instances of crop plants 
were already known where a potash deficiency was associated with an inhibition of 
the protein synthesis and the immaturity of seeds. Deficiency of potash in thah- 
affected plants on the two soil types appeared to arise in different ways. On light 
sandy soil the uptake of potash was lessened on account of a deficiency of nitrates 
in that soil. Potash deficiency in <tVaA;-affected plants on soils with saline subsoils 
developed on account of the physiological drought that interfered with the absorp- 
tion of nutrients, of which potash was one. The common symptom of immaturity 
of seeds, therefore, appeared on both soils but the symptoms exhibited by the leaves 
of fimA;-affected plants on the two soils were found to differ. 

This investigation has also shown that the problem of manuring of American 
cottons in the Punjab was beset with difficulties. The manuring of American cotton 
in the Punjab with sulphate of ammonia cannot be recommended as a general measure, 
as it has been found ineffective in increasing the yields on soils which are saline. As 
non-saline and saline lands are intermingled, the manuring becomes unprofitable 
as the gain in yields obtained on non-saline areas would be neutralized by the absence 
of any increase in yield on the saline areas. 

Though a general recommendation on the manuring of American cottons in the 
Punjab cannot be made, a simple method of testing the leaves for the 'Hannin'" re- 
action has been discovered for spotting cotton fields in the month of August where 
manuring of cotton with sulphate of ammonia would give profitable returns. The 
application of this method for three successive seasons in zamindars* fields has proved 
very successful. This method can be adopted by intelligent zamindars on their 
cotton fields and ^eat benefit would be derived by the use of sulphate of ammonia 
oil such fields where the leaves of American cottons give the “tannin*’ reactkm» 
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It was observed and subsequently demonstrated by properly replicated experi- 
ments conducted for four years that while the June-sown 4F crop spaced widely 
(2 ft. X 2 ft. and 2 J ft. x 2J ft.) was heavily infested by Jassids in a Jassid year, the 
same crop sown near by on the same date but spaced closely (1 ft. x 1 ft. and 1 J ft. 
X 1 J ft.) was less infested by this insect pest. This finding is of great scientific as well 
as of practical importance, as it is the most effective way of controlling the pest and 
reducing the damage to the June-sown crop. The causes that operate in preventing 
the insect from damging a closely spaced crop remained to be determined. It 
appears both the biochemical and ecological factors are involved and investigations 
on these lines may pi;ove of value. 
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